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^iii cirlN Iustor\ ol iKiiiojiiiiln is gi\ cn by Nissc,’ Bulloch 
tikI I'lKks - Sthlotssimnn mil others ' The disease w^as 
(Irst (IchnireK dcscnhcii b\ Dr John C Otto'' of Phila- 
dclphn in 1S03 Ills ciscs md the subsecjuent fuller col- 
sS lections unde b\ N isse gne use to m abundant clinical 
literature which in time has been lollowcd b\ e\tcnsi\c experiiTicntal 
in\ estigations starting with the iinpoitint reseaiehes of Sahlk in 1905 
The literature up to 1911 has been reiiew^ed critically m the very 
\aluable memoir of Bulloch and Fildes- published in that year by the 
Francis Galton Laboratory for National Eugcnies as Parts 5 and 6 of 
their collection of family pedigrees “illustrating the inheritance in man 
of mental and physical characters ” 

These authors sum up their conclusions in the definition that “hemo- 
philia is an inherited tendency in males to bleed ” The definition empha- 
sizes what they considered to be the three cardinal characteristics of the 
disease, namely, the tendency to bleed, the fact that this tendency is 
inherited and that it is limited to males It had been further demonstrated 
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at this time that the disease is inherited through the female in accordance 
with the law of Nasse,^ which, m substance, states that the disease is 
limited to the male but is transmitted from the male through an unaffected 
daughter to a grandson Since 1911 t\\ o further conclusions in regard to 
the disease have met with general acceptance First, that hemophilia, in 
the Mendehan nomenclature, behaves as a se\-linkcd recessive factor, 
second, that its outstanding diagnostic characteristic is an abnormally 
prolonged coagulation time of the blood 

The statement that hemophilia is transmitted as a se\-lmlvcd recessu e 
means that the factors or genes responsible for its development are con- 
tained in the X chromosome of the reproductive cells This conception 
enables us to understand the law of Nasse and to predict under what 
conditions of mating hemophilia may appear in the offspring The formu- 
lae by means of wdiich such predictions may be made are given in the 
accompanying diagrams It is assumed that the ovum contains a pair of 
X-chromosomes (XX), while the spermatozoon has only a single X- 
chromosome, as a member of the XY pair, the Y-chromosome apparently 
not carrying sex genes At the reduction di\ ision w Inch takes place dur- 
ing the maturation of the germ-cell each matured o\ um w ill contain a 
single X-chromosome, but the spermatozoa fall into two groups, one 
containmg an X-chromosome and one without, having instead a Y- 
chromosome In the subsequent combination of these sex cells that takes 
place in fertilization nvo groupings of the se\-chromosomcs are possible 
One of these, an XX pair, leads to the development of a female, the other, 
an XY pair (or a single X-chromosome) gi\ es rise to a male If m such 
a mating the male happens to be a hemophiliac then by theory the 
X-chromosome in his spermatozoa contains the factor for the disease, and 
m his marriage to a normal female the defect wnll be transmitted to some 
of his children Theoretically, the combination of sex cells wnll giye rise to 
fertilized ova containmg a single normal X-chromosome, w^hich wall 
develop into males, and others, containmg a pair of X-chromosomes, one 
of which carries the hemophilic factor, w'^hich wall develop into females 
Consequently all of his sons wall be normal in the sense that they are free 
of the hemophilic factor, and they wall not be capable of transmitting the 
disease All the daughters, on the contrat)'^, wall have the hemophilic 
factor They will not themselves be bleeders since the ovum contains one 
normal X-chromosome which is dominant m development, but they wall 
be carriers or conductors of the defect and capable of transmitting it to 
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some of their sons, as is indicated in Figure 2, which mdicates what may- 
be expected from the marriage of a conductor female to a normal male 
Some of her sons may be hemophiliacs and some of her daughters may be 
conductors, theoretically a fifty-fifty chance m each case 

These predictions fall in Mnth the facts actually hnoy n m regard to 
the transmission of the disease A hemophilic male married to a normal 
female never has hemophilic sons, nor, so far as is knov n, do any of his 
descendants through his sons suffer from the disease On the other hand, 
his daughters’ sons frequently exhibit Iicmophiiia and his daughters’ 
daughters may continue to act as conductors and thus pass on the defect 
in latent form through many generations 

If It should happen that a hemophilic male married a conductor 
female, then, according to theoiy he might have a hemophilic daughter as 
well as a hemophilic son As Figure 3 indicates, there would be an even 
chance for the daughters to be conductois or active hemophiliacs 

As a matter of fact no authentic case of a female bleeder is known 
Many such cases ha\e been described, but Bulloch and Fildcs" who 
review ed the literatuie up to 191 1, and Bucura’ and SchlocssmanM who 
ha\ e discussed the point for the later literature, agree that the c\ idcnce 
IS unsatisfactory ^Vhat has been described as hemophilia w as more prob- 
ably purpura or some hcmorihagic condition other than hemophilia In 
no case w'ere the data given entirely con\ incing It seems quite probable 
that bleeder-conductor mairiages may have occurred occasionally among 
the know n hemophilic fimihcs inhabiting a certain distiict, but Schlocss- 
mann w as able to find only one clear case among the pedigices on record 
In that case the progeny was too small, one son and one daughter, to 
constitute a crucial test of the thcoiy The daughter w as not hemophilic— 
w hether she w as a conductor is not know n since theie is no lecord of her 
marriage In view of the interest the question has aroused it seems likely 
that if any clear-cut case of a female hemophiliac has occurred it w ould 
hate been made a matter of lecord That no case has actually been 
obseryed may be due solely to the accident that bleeder-conductoi mar- 
iiages are rare, and if they occur the daughtcis, if any, have an equal 
chance of being conductors rather than blecdeis Still the apparently 
complete absence of such cases has aroused comment and has led to the 
suggestion that there may be some fundamental biological leason operat- 
ing against their development Bauer® has suggested, for example, that 
the hemophilic genes may act as a lethal factor (or be associated wnth a 
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Ictinl iictot) uui rhu i tliuilik ilo^c of rliis f ictor, sucli ns would occur 
in the o\uin dc-stined to juoilucc i fcnnic hlccdci, would imkc dc\cloji- 
menr unpossihk 

\IthougIi hcniojiiuh i is so eh irK in hcicdini\ discisc thcic js c\j- 
dence tint sporulu c iscs octui in which iiihcrinncc cinnor be dciuon- 
"ttritcd Bulloch ind Tildes discuss the nnttci hiicflc nnd express the 
opinion tint fcwci such c iscs would be icpoitcd “if the nuthors Ind hnd 
suflicicnt time inteicsi oi perset ci ince to iin csrigitc bencTth w hit might 
be immcdnteU nppirent upon the surficc ” The\ refer howeter specifi- 
cillv to one pcdigicc tint published b\ (lettings, which seems to estab- 
lish the point In n fimiK of elec cn children six bo\ s and (n e girls, fie e 
of the hoes were hemophilne's I ximinition of the medicil histones of 
the direct and colhicnl meestic through three [Tcneiations disclosed no 
case of hcmophiln Dnulson and McQuiine' cite a similir instance in 
xchich an onh child a son w is hemophilie Xone of the members of 
either famiK traced bach through thicc or four generitions gate any 
ccidcncc of the disease although on the maternal side there were ten 
miles who niicht hacc been subject to hemophilia according to Nasse’s 
law SchloessminiT discusses the matter at considerable length He dis- 
counts mane of the reported eases on the ground that sufficient inquiry 
w as not made into the family histones, but he admits that cases'of genuine 
hemophilia may occur apparenth dc vovo In such cases the symptoms 
arc essentially identical w ith those of hereditary hemophilia They seem 
to be exactly the same disease It is difficult to beliec c that in such cases 
the disease has developed dc novo in the individual as an acquired charac- 
terisuc that will disappear at his death, especially as in some of the 
recorded eases, that of Gettings, for example, it has appeared in two or 
more males of the same family One inclines rather to the alternative 
view that it is a true hereditary condition xvhich has arisen de novo by a 
mutation of the sex-cells of the mother From this point of view sporadic 
cases mark the beginning of a new hemophilic strain Such presumably 
xvas the origin of the knowm hemophilic families that are on record 
However, so far as I can ascertain, actual histones, that might support this 
theory, are lacking in regard to the descendants of known sporadic cases 

In regard to the second point, noted above, namely the prolongation 
of the clotting time of the blood, it was known to the early observers that 
hemophilic blood clots slowly, but in their observations emphasis w^as 
laid upon the obstinate character of the bleeding Sahli® w’^as the first to 
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Study systematically variations in the clotting time and since his investi- 
gations experimental work has been concentrated chiefly upon the solu- 
tion of this problem It is true that many investigators have expressed 
their belief that the prolonged clotting time is not in itself sufficient to 
account for the long continued hemorrhages exhibited by the hemo- 
philiac It has been suggested that there must be also some structural or 
functional abnormality m the v alls of the blood \ essels or in tlie tissues 
generally to account for the prolonged bleeding, especially as it has been 
asserted by several good observers that bleeding, traumatic or after 
operation, may continue u hen the coagulation time is normal 

The few cases m the literature in v Inch a normal coagulation time has 
been recorded for hemophilic blood arc open to question on the ground 
of inadequate technique For n hilc the procedure of determining clotting 
time IS simple, the process of clotting is apparently subject to large \ aria- 
tions from very small changes in conditions It is now generally recog- 
nized that methods in which the specimen of blood is obtained b^ 
pricking or stabbing the skin arc unreliable on account of the possibility 
, of admixture of more or less of thromboplasnc substance from the tissues 
Since the older observers used this method their results can not be ac- 
cepted avithout confirmation The usual practice at present is to rcmo\ e 
the sample of blood by venipuncture with a syringe, but with this method 
also duplicate samples may show considerable variation m time of clot- 
ting Failure to enter the vein promptly at the first insertion may result 
m the accumulation of some tissue juice in the needle w Inch wall affect 
the time of clotting Some of the contradictory results found in the litera- 
ture are probably to be explained by errors of this kind m the technique 
With regard to pathological changes other than the lengthening of 
the time of coagulation it may be said that none has been definitely 
demonstrated Claims of various kinds have been made wnth regard to 
differences m vascular structure or function, or in thromboplasnc content 
of the tissues, or in the composition of the blood, but they have either 
failed of confirmation at the hands of other obseivers, or they seem to be 
lacking in significance It is possible that some of the minor differences 
that have been noted, such as the higher chloride content of hemophilic 
blood, may prove later to be of importance, but at present the one 
pathological condition that is definitely established and that is diiectly 
connected wuth the hemorrhages of hemophilia is the prolonged clotting 
time of the blood Those w'^ho have had the wudest experience wnth 



/ / 1 i/rophiliii 


9 


hemophilic puicius hc!ic\c tint tlic ';c\cnt\ of the discisc is in general 
proporrioml to riit ticin in coigulition On rlie other hand it is known 
tint rcnicdnl incisures such is hlood rnnsfusions, which sene to control 
flic licinorrlngcs rend to rt^storc the coigulition time to or toward the 
normil It is hchc\ cd therefore th it a definite prolongation of the clotting 
nine IS diagnostic of hemophilia md scr\cs to differentiate it from other 
hemorrhagic conditions cspcciilK from thronihoc\ topenic purpura with 
winch It has often hcen confused OrdinariK it least the distinction bc- 
tw ecu these tw o conditions is c isih nude In hemophilia the clotting rime 
IS prolonticd but the platelet count is normal In throinbocvtopemc pur- 
pun the coatrul moil time is normil while the platelet count is much 
reduced There is ilso a difference in the character and location of the 
licmorrhaccs It is mrcrestina to note how c\ er, that see eral authors ha\ e 
reported ciscs of i seciningh inrcrmcdiarc character which indicate the 
possibilite of some kind of a connection between the two conditions 
Ihckcririti’" describes a case in w Inch during the period of observation, 
about two \cirs the piticnt seemed to oscillate periodically between 
hemophilia and purpura— at one time a coagulation time of forty to sixt}’’ 
minutes md a platelet count of 540 000, and a \ car later a normal clotting 
time of elctcn to twche minutes bur a platelet count of 84,000 ^'llnot 
and Lee” report a similar experience Some of their eases they say, “at one 
time max show a normal platelet count but a marked delay of the 
coasTiiIarion time while at other rimes the coagulation time max' be Jess 
delax'cd xx bile the blood-platelets arc onlx’’ few in number ” In one such 
case in mx ow n experience the hcniorrhagcs w ere of the hemophilic type, 
affecting the joints, and the coagulation time w as somexvhat prolonged, 
txventx-six minutes, but at the same time the platelet count xvas quite 
low , 64,000 The patient gave no family historx' of hemophilia Unfor- 
tunatelx’ none of these cases has been follow'cd o\ er an adequate period 
of time and xx ith reference to their family histones Their significance 
remains uncertain but they do suggest caution in making a positive dis- 
tinction betxx'een the txvo conditions It may be said that a prolonged 
coagulation time is found in all cases of undoubted hemophilia, but, used 
as a diagnostic test, it should be supported bx' collateral evidence based 
upon the character of the hemorrhages or the family history 

Data are lacking in regard to the amount of delay in coagulation 
xx'hich may be considered as indicative of a hemophilic state Indeed xve 
have no satisfactory information in regard to the variations in this respect 
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that may be exhibited by the blood of normal persons We can not well 
compare figures published by different authors OMung to variations in the 
methods used No observer, so far as I know, has made cxtensu c obser- 
vations of this kind under varying conditions of health and disease using 
acceptable and consistent technique throughout 

Schloessmann ‘ gives data for enty of his hemophilic patients The 
samples of blood were obtained by venipuncture and tiic coagulation 
time vxas determined by Burker’s method for v'hich the normal is stated 
to be five and one-half minutes at 25° C His results showed coagulation 
times varying from thirteen minutes to tw'o and one-half hours, and the 
author concludes that among hemophiliacs the coagulation time is an 
individual characteristic that shows wide lariations Reports from other 
investigators indicate in general a longer time than is gn cn in Schloess- 
mann’s figures In the cases that I have examined the coagulation time has 
never been less than an hour and reports in the literature vary usually 
from about an hour to as much as t\\ elve hours or more 

For any one individual the coagulation time is subject to irregular 
changes for reasons that are not apparent Schloessmann’^ belies cs that 
these variations are practically of little importance and for the most part 
fall w ithin the limits of error of the method But this has not been my 
experience and his vicav is not I think supported by reports from other 
workers With three of my cases I have been in quite close contact for a 
period of about tw^enty-five years, and during that time I ha^ e had many 
occasions to determine the coagulation time All three ha\ e show n ^ ana- 
tions that he w'cll beyond possible limits of crroi of the method In one 
of these cases wdao has seivcd as a laboratory assistant a recoid was kept 
of 150 determinations extending over se\ eral years Tlic times of coigula- 
tion varied from about one hour to four hours, wuth an ai crage of tw'o 
hours and tw'^enty minutes Feissly V" tables show^ more extensu e vaiia- 
tions and in the curves for seven patients published by Stetson, Forkner, 
Chew and Rich,^^ covering a period of a few^ months, ^ ariations as much 
as from one to twelve hours are noted In my owm cases I have not been 
able to satisfy myself that spontaneous attacks of joint bleedings, wduch 
have occurred at irregular intervals, w’ere associated wnth the times of 
slower coagulation Whatever the condition may be that is responsible 
for the retarded coagulation of hemophilic blood it is evidently subject 
to frequent and considerable variations It is conceivable therefore that 
at times the process might approach or reach a normal period, but as has 
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been pointed out there is no good ceidenec tint tins c\cr occurs The 
tune ol coiguluion is tlw u s in excess of tlic nornni 

Ml recent experiinenr il in\ estigitions ln\c been concentrated upon 
nt ctTort to determine the fictor or t ictors responsible for the retarded 
coiguluion d here seems to be no (]ucstion tint the fibrinogen in hemo- 
philic blood IS present in normil nnount ind exhibits nornni properties, 
on iddition ot letn e thrombin the blood clots promptU There is general 
agreement tint the deIn in clotting is due to some abnornnhtv in the 
fictors or processes coneeined in the forinition of thrombin Theoreti- 
cilK the del i\ iniuht be due to the existence of an inlnbitorv substance or 
to some clnnge in quintite oi piopcrtics of the three known thrombin 
fictors prothrombin cilcium ind thromboplastic substance All of these 
In pothescs Iin c been nude b\ one worker or mother and each has sup- 
ported his Mews In experiment il c\idence Time does not permit me to 
refer specific ilK to all the theories tint line been proposed The one 
that has peril ips, met with most appnnal and support by workers, in 
this countri it leisr is that id\ meed b\ Vddis ” Mis cxpcrinicnts led 
him to suggest that the piothrombin is it f nilt \\ hile present in normal 
amount it is quahtatneU different in that it is less rcictnc and hence is 
com erted to thrombin more slow Iv The experiments published by Addis 
in support of this In pothcsis w hilc seemingly conclusiye are, I belicye, 
open to criticism Prothrombin precipitated from hemophilic plasma by 
CO. was found to lie less rcactne than similar preparations from normal 
plasma But the CO. method precipitates from plasma fibrinogen and 
thrombopl istic material as well as prothrombin In Addis’s experiments 
the fibrinogen w as removed but the thromboplastic substance wxas left 
The effect of this latter substance on the clotting time was ignored on 
the assumption that it exists in equal amounts in normal and hemophilic 
plasma This assumption is not justified as has been abundantly showm by 
recent w'ork w'hich wall be referred to later Addis w^as led into error on 
this point because his previous experiments had convinced him that in 
normal and hemophilic serum the amounts of thromboplastic substance 
are the same, but proving this point for serum does not establish it for 
plasma In the serum of hemophilic blood the platelets have all disinte- 
grated and yielded their quota of thromboplastic material It is noxv 
known that the plasma of hemophilic blood contains less thromboplastic 
substance than that of normal blood If equal amounts of the txvo plasmas 
are diluted and precipitated by CO2 more thromboplastic substance 



THE BULLETIN 


I 2 


comes down with the prothrombin m the normal blood and this fact is 
sufficient explanation -n hy the prothrombin is activated more promptly 
by calcium than m the case of hemophilic blood The same criticism 
applies to Eagle’s^^ confirmation of Addis’s results, since his prothrombin 
as prepared essentially by the same method 
Making use of the acetone method, Howell and Cckada^*^ ere not 
able to find any significant difference in quantirs’’ or reactivity betw ecn 
prothrombin from normal blood and that from hemophilic blood, and 
Frank and Hartmann’" report that prothrombin (prosero/.ymc) from 
hemophilic blood clots a fibrinogen solution (phosphatcd plasma) as 
promptly as prothrombin from normal blood Nc\ crthelcss normal blood 
contains something, other than prothrombin \\ Inch is lacking or deficient 
in hemophilic blood Frank and Hartmann emphasi/e a fact \\ Inch had 
been noted previously by Sahh*’ and others, namely, that hemophilic 
blood can be made to clot promptly if normal human plasma is added to 
It m small amounts, even m hen the normal plasma has been dcprn ed of 
Its prothrombin by the action of calcium phosphate They ga\ e to this 
result the interpretation that normal plasma contains an actuator of 
some kind which facilitates the formation of thrombin and which is 
absent or deficient in amount in hemophilic blood 

More recently this reaction has been investigated in this country by 
Patek and Stetson,’® Patek and Taylor and Pohle and Taylor’'' and in 
Holland by Bendien and ^^an Crevcld Starting w ith the fundamental 
fact that normal citrated blood added to hemophilic blood, c\ en m quite 
small quantities, reduces the coagulation time of the latter to the normal 
range, for example from 170 minutes to 15 minutes, these workers hate 
demonstrated that the acave substance concerned can be isolated by 
precipitating the plasma, after dilution, by acid added to a pH of 5 ^ to 
5 8 Extracts of this precipitate, before or after dr>nng, in physiological 
salt solution wffien added to hemophilic blood cause a marked shortening 
of Its coagulation time If a hemophilic plasma is treated in the same w ay 
a similar precipitate is obtained but its extracts have a distinctly smaller 
effect in accelerating the clotting of hemophilic blood, show'ing that the 
hemophilic plasma contains less of the active substance Solutions of the 
active substance thus prepared give protein leactions (they may in fact 
contain some prothrombin or fibrinogen) and Patek’® assumes that the 
active material is a protein body of a globulin natuie, wdiich he designates 
as “globulin substance” and wffiich is closely associated wnth prothrombin 
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HciuiiLn iiul \ in Cic\ cKl'" ohi iin c'.scmnll\ sinnlii rtsiilrs, rlicy gi\ c the 
ninic of cniguluion glohnlin to rlie icriic nnrtinl nnd believe tint it is 
is-socntcil closelv w ith llhrinogeii ilthough tlie\ stite th it the globulin 
Is to lie consuiert*.! oiih ts i ciiiiet of the ictne imrcrnl, since when 
htniophihe blood is tieittd in the sinie w iv i globulin friction of i 
Minihr iiiiounr is obt lined wbieb bis bur little ieri\it\ in pionionng the 
clotting of beniopbibc blood 1 \peiienee bis shown tbit this globulin 
siibstincc or eoigulition globulin when injected iiitrat enously into i 
bcniopbibic is cfTcctne in eitising i leduetion in clotting rune similar to 
tbit obtiined fioiii trinsfusions of noriiiil blood \ccordinq: to Poble and 
Ti\ lor ' ‘ the siiiic or i smiil ir result ni i\ be obt lined fioin intraniusculir 
injections but Ikndicn ind \*in Creveld"'’ repoit tbit tbc\ could get no 
tbcnpcutic clTcets from tlieit solutions when gn eii intraimisculirly or 
w ben fed b\ inoutb 

MI tins recent work furnishes therefore, good e\ ideiicc for the mcw' 
tbit blood phsini eontiins i specific substinee wliicli accelerates the 
process of clotting and wbieb is pieseiit in smaller miounts in beniopbibc 
blood Ir seems cnrireK probible tint the defieieney of tins mirerial in 
the plisnii of bciiiopbibc blood is responsible foi its delayed clotting and 
It becomes import iiir to learn is mueli is possible about its nature and 
properties and its origin and fate in the bod\ I ba\ e been engaged for 
the past tw o t cars in w ork of tins kind and w ould like to present brieflt 
some of the results obtained For the sake of convenience it is desirable 
to gi\ e the substance a pro\ isional name until sueb time as its chemical 
nanire is determined The names already suggested, globulin-substance 
or coagulation-globulin seem to me to be inappropriate since they imply 
that It IS protein in nature and, as I shall show later, this is not correct The 
substance in fact is essentially the same material as that designated by 
iMorawnr/ as tbrombokinasc They have the same distribution and prop- 
erties, such as loss of activity on standing, and probably the same mode 
of action, but this term carries the significance given to it by iVIorawntz 
of a heat labile protein with enzyme-like properties Among other names 
suggested hitherto to designate the material in the blood or tissues which 
accelerates the formation of thrombin, that of thromboplastin is perhaps 
the most appropriate, since it is a convenient and non-committal abbrevi- 
ation for the phrase thromboplastic substance Hereafter in this paper I 
shall speak of this as plasma thromboplastin and designate the similar or 
identical substance occurring in the tissues as tissue thromboplastin 
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Plasma thromboplastin, as we have seen, may be obtained in crude 
form from oxalated or citrated plasmas, after dilution, by saturating with 
CO2 or by adding acid to a pH of about 5 5 The precipitate obtained 
contains prothrombin and fibrinogen as well as thromboplastin, but the 
activity of Its extracts m clotting hemophilic blood is not due to either 
the prothrombin or the fibrinogen Extracts may be made which are ac- 
tive but which contain neither prothrombin nor fibrinogen— glycerol ex- 
tracts for example Moreover the substance may be prepared equally as 
well from plasma in which the prothrombin has been removed by treat- 
ment with magnesium hydroxide or calcium phosphate, or from plasmas 
in which the fibrinogen has been removed by heat coagulation at 56° C 
It IS easy to show that not all of the plasma thromboplastin is removed 
by precipitation ith acid The plasma that is left, when neutralized, still 
shovs the property of hastening the coagulation of hemophilic blood 
If the globulins of the plasma are fractionated by precipitation ith am- 
monium sulphate at various concentrations, 29 per cent, 33 per cent, 50 
per cent and finally the serum albumin by addition of acid, all the pre- 
cipitates on examination will show the presence of some plasma thrombo- 
plastin It seems to be associated w ith, or, at least, be precipitated w ith all 
the proteins of the plasma although most of it in normal plasma comes 
dowm with the fibrinogen and the cuglobuhn fraction If fibrinogen is 
piepared fiom normal plasma by precipitation with ammonium sulphate 
added to a concentration of 25 per cent, instead of by acid, the precipita- 
tion being repeated several times, the final solution of purified fibrinogen 
in physiological saline has a marked accelerating effect upon the clotting 
of hemophilic blood If the fibrinogen in such a solution is remot cd by 
heating to 56°C, the solution remaining after filtration show's the same 
coagulating action upon hemophilic blood If the fibrinogen is associated 
in any w'ay xvith the thromboplastin, the union is broken w'hen the fib- 
rinogen IS denatured and precipitated by heat 

My experiments corroborate those of previous observers in indicating 
that plasma thromboplastin is present m smaller amounts in hemophilic 
than in normal blood In the cases that I have used in my experiments 
the difference w'^as not so great as has been noted by other observers, but 
It w'as very distinct and invariable wdien the concentrations used w'ere not 
so strong as to obscure the relations Hemophilic blood is not entirely 
lacking in thromboplastin, but it contains less of it The difference m 
this respect betxveen it and normal blood might well be used as an addi- 
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tionil lingiiostit test 1 lie iiictlidcl uslcI \\ is to oxiHrc ccivnl amounts of 
normil aiui htmophilit Iilood uul remote the corpuscles by centrifuging 
The cic ir pi isnn w is tlilutcd ten times w itli distilled tvatcr and m as then 
precipitated In C Or oi In the uUhtion of dilute acetic acid The precipi- 
tates olitiincii In eentrifuging were w islied with distilled water and 
then estneted w ith jdn suilogicil siliiic nude neutral or slightly alkaline 
with sndiuiii hitirboniie W itli solutions picpircd in this w'ay such com- 
pintne results is the follow inti were obt lined 

i I Itmophihc blooil o ^ ec rhtombojil istin extract of normal plasma 
o ^ ec clot in thiee iiiimnes 

ncmojihilit blood o ^ ec thiombopi istiii extnet of hemophilic 
plisnn o t cc clot in eight and one-half mimitcs 
Control neinojihihc blood ot ce phvsiologicil saline o ^ cc , 
clot in ninet\-fi\e minutes 

; 1 lemojihihc blood o ? cc d- rbiomlioplistin extract of normal plasma 

o ^ ce clot in four minutes 

Ilcmophihc blood o t ec - thiombopi istin extnet of hemophilic 
pi ism 1 o ; cc clot in twcKc and one-half minutes 
Control 1 Icmojihihc blood o > cc d pin siological saline o 3 cc , 
clot in ciglirt -file minutes 

3 Hemophilic blood o ? ce -- tbroiiiboplastin extnet of normal plasma 
o 3 cc clot in 193 ininutes 

Hemophilic blood o j ec d- thromboplastin extract of hemophilic 
plasma o 3 cc , clot in 47 5 minutes 

Contreil Hemophilic blood o 5 cc d- physiological saline o 3 cc , 
clot in ninety minutes 

In the last experiment the extracts were less concentrated and xveie 
prepared from magnesium sulphate plasma instead of oxalated plasma 
The difference betw'een the tw^o bloods in respect to their content 
in thromboplastin w as brought our also w'hen a fibrinogen solution xvas 
prepared from equal quantities of each by precipitation wath ammonium 
sulphate In each case three precipitations w^ere used and the final solu- 
tion of fibrinogen w^as tested for its thromboplastin content upon hemo- 
philic blood The fibrinogen solution from normal plasma caused clot- 
ting of hemophilic blood m a few minutes wdiile that from hemophilic 
plasma had little or no action In one such experiment, for example, the 
control with saline clotted in fifty-seven minutes, the fibrinogen solu- 
tion from normal plasma caused clotting in fourteen minutes and that 
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from the hemophilic plasma in forty-eight minutes 

Saline solutions of the plasma thromboplastin obtained by the method 
described always contain protein, but the protein is not concerned in, or 
at least, is not essential to the clotting reaction, since solutions of throm- 
boplastin showing Its characteristic reaction on hemophilic blood may be 
obtained free from protein The simplest method for this purpose is ex- 
traction with glycerol The precipitate obtained from diluted plasma 
by the addition of acid, after washing with distilled water to remove 
adherent plasma, is stirred m glycerol, allowed to extract for n\ entv-four 
hours in the ice box and then filtered The extract is free from protein as 
far as can be determined by the ninhydrin and biuret reactions In testing 
Its effect on hemophilic blood it was usually diluted siuth t\\m volumes of 
a I 5 per cent solution of sodium chloride and its effect compared m ith 
that of a control solution consisting of one part glycerol and z\\ o parts 
I 5 per cent solution of sodium chloride Glycerol itself m this dilution 
accelerates slightly the time of clotting, compared with an equal volume 
of physiological saline, but far less than the glycerol extract A wpical 
result IS, as follows Hemophilic blood o 5 cc ff- glycerol extract of 
thromboplastin o 3 cc , clot in 14 minutes, hemophilic blood 0 5 cc -|- 
glycerol-salme soluaon o 3 cc , clot in 5 1 minutes The solubility of the 
coagulin in glycerol must be small since it does not seem possible to get 
concentrations that have as strong: an action as the saline extracts I have 
obtained plasma thromboplastin free from protein also by precipitating 
the protein in the extracts with petroleum ether The method is uncertain 
and IS successful only when the amount of contaminating protein is small 
I have referred to the fact that when fibrinogen is prepared from plasma 
by the ammonium sulphate method it always contains some thrombo- 
plastin If the fibrinogen is removed by heating to 56° the thrombo- 
plastin IS left in solution together with a small amount of an unknown 
protein which undergoes heat coagulation at 75° to 8o°C If a solution of 
this kind, from which the fibrinogen has been removed, is shaken with 
two volumes of petroleum ether a gelatinous precipitate forms If this is 
removed and dried and extracted with physiological saline, a solution is 
obtained which is protein free but which accelerates distinctly the clot- 
tmg of hemophilic blood Tlie petroleum ether used contains none of 
the active substance 

Blood plasma contains only small amounts of thromboplastin and it 
did not seem feasible to obtain it protein-free fiom this source in suffi- 



ciciu inioumv to iinKt, iiu progress m (icttmiimng irs chcmicil nature 
1 li n c thcrcUirc turiinl to \ snui\ of the tissue rhroinbojilastin It Ins long 
been known tint tbt tissues eontiin n tliroinbophstic substance wbicb 
accclcntcs tlic clotting fif l)lf)oij ind a number of workers ln\e called 
attention to tbe fiet tbit tins substnue is found in especnlh bigli con- 
centration in the lungs Spee miens f>f beinopbiiic blood wbicb require 
one or more bours before eoigui ition begins w ill set to a firm clot in less 
tban a minute w ben mi\ed witli i snnil inmunt of lung evtract Numer- 
ous ntcnipts bne iicen mule to utib/e extracts of tbe lungs or other tis- 
sues in tbe control of beiiiopbibi nr is i bemostatic igeiit in general 
Preparations of this kind lint tome upf>n tbe marker under trade names 
sucb as tbe eoiguleii of Koeber-ronio tbe cliudcii of Fiscbl, fibrino- 
gcn-Merrcll of Mills tlinmibophstin The tlicnpeiitic \aliie of these 
agents used intrn eiiousK tir intiimuseuIarK Ins been re\ lew ed criti- 
calh b\ (jold 1 be results from tlieir use in tbe bands of different ob- 
screcrsseeni to be etuitrubetfirv iml ire not unattended bv danger from 
protein reaerioiis or intra\ iscul ir clotting Nc\ ertbcless. there is no 
question tint in the tissues and especnlh in the lung tissue there is a sub- 
stance w bieb has i rennrkable elTeet in aeceleriting tbe clotting of hemo- 
philic blood ;// iitro (t woultl stem that we should be able to obtain this 
substance in jiure form ind to utib/c it in controlling hemophilic 
bleeding 

The acri\ e substance as usualh obtained is associated or combined 
w ith protein but b\ a modification eif the method of extraction I have 
suceccdcel in obtaining it in a protcin-frcc condition and m a form suit- 
able for chemical examination The details of the method wull be given 
in a later publication The essential point is that the acid precipitate of 
the aqueous extracts of the lungs, after purification by repeated precipi- 
tations is extracted with distilled water in large volume and this dilute 
solution or suspension is precipitated by the addition of acid to a pH 
of about 4 Tbe precipitate is obtained by centrifuging and is further 
purified by extraction with chloroform The yield is small, about lo 
to 1 5 mgm per gram of dried lung tissue, but the method no doubt can 
be improved in this respect The material obtained is soluble in slightly 
alkaline aqueous or saline solutions and shows great activity in accelerat- 
ing the clotting of hemophilic blood, an activity of the same order as that 
of extracts of lung tissue It shows the following properties It is appar- 
ently insoluble in chloroform, ether and benzol and its activity is de- 
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stroyed by the action of alcohol or acetone It does not contain a carbo- 
hydrate group It gn es positn e reactions for phosphorus and nitrogen 
Fused with acid potassium sulphate it gu es reactions for glycerol and 
one may assume that it contains a glycerophosphate group It is interest- 
ing to note m this connection that Freund" in 1910, in a report made to 
the International Physiological Congress, stated that by hydrolysis of 
lecithin he obtained a substance that he believed to be a calcium diolein 
glycerophosphate which showed marked thromboplastic actnity It is 
possible of course that the material as I have isolated it, may contain 
substances other than the thromboplastin This must be determined by 
further w ork 

The thromboplastic material of the tissues has been in\ estigated by 
many observers As is w ell know n tw o kinds of extracts ha\ e been made, 
aqueous or saline extracts w Inch yield a very active thermolabile com- 
pound, containing protein the thrombokinase of Moraw itz and alcohol- 
ether extracts wdiich are less eftectn e and in w Inch the active constituent 
IS believed to be the phospholipid, cephalm Extracts of the latter kind 
yield the zymoplastic substance of Schmidt and the evtozyme of Boidct 
It has been suggested by How ell. Mills and others that cephalm consti- 
tutes the active component in w'ater extracts also, on the theory that in 
the tissues it is in combination w ith protein and m this foim exhibits ther- 
molability as w^ell as greater potency The w ork here reported how ever, 
does not support this view It indicates on the contrary that the actne 
substance in aqueous extracts, of the lung tissue, at least, is not a know n 
phospholipid, although it may possibly be a deri\ ati\ e product 

In the lungs the thromboplastin is associated apparently w ith a nucleo- 
protein and in blood plasma mainly wuth the globulins ^^’hlle this asso- 
ciation may modify its reactions it does not seem to enhance its throm- 
boplastic activity since the protein-fiee thromboplastin is still remark- 
ably potent 

As far as blood is concerned w e may conclude that one real diffeience 
betw^een normal and hemophilic blood is that the latter contains less 
thromboplastin in its plasma There may be other, differences but they 
have not been discovered It wmuld seem permissible to assume that this 
deficiency is sufficient to explain the prolonged clotting time of hemo- 
philic blood, since clotting takes place normally wdien the deficiency is 
removed by the addition of thromboplastin extracts, m viti o, or w vivo, 
by the transfusion of the plasma of normal blood or the intravascular in- 
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inherited defect in hemophilia lies in this abnormality in composition of 
the plasma This conclusion may be correct but m one respect their ex- 
periment seems to me to be unsatisfactory For a normal plasma they used 
a decalcified blood m which coagulation was induced by recalcification 
What changes are caused by decalcification and recalcification are not 
fully known but plasma so treated can scarcely be regarded as an entirely 
normal environment for platelets For the point at issue it would be a 
crucial experiment if uninjured hemophilic platelets could be transferred 
to a platelet-free normal human plasma without employing any decalci- 
fying or anticoagulating agent This has not been done and it is difficult 
to see how it could be accomplished The reverse experiment of trans- 
ferring normal platelets to a platelet-free hemophilic plasma is more feas- 
ible and has been attempted by Fonio In his experiments hemophilic 
blood V as received into paraffined centrifugal tubes packed in ice which 
were then centrifuged at high speed and at a low temperature In this 
way he obtained a platelet-free hemophilic plasma v'hich at room tem- 
perature clotted very slowly in from four to eight hours If to this plasma 
he added suspensions of v^ashed platelets from normal and from hemo- 
philic blood the clotting was greatly accelerated but much more m the 
case of the normal than in that of the hemophilic platelets although the 
final result was the same for both Here apparently under the same con- 
ditions the platelets behaved differently, those from hemophilic blood 
showing greater stability There u as nothing in the hemophilic plasma 
to retard the breaking down of the normal platelets From this point of 
view the inherited defect in hemophilia v ould he in the structure of the 
platelets or of the megakaryocytes from which they are derived In a 
former publication I have advocated a similar view, but it must be ad- 
mitted that such a theory is at variance vuth the conclusion to be drawn 
from the nev'^er work that I have been describing The point is this ^^^hen 
blood IS transfused into a hemophilic patient, or globulin substance is in- 
jected, the thromboplastin content of his plasma is increased but not 
enough to cause intravascular clotting We may assume that in this re- 
spect the hemophihc plasma is brought to an approximately normal con- 
dition If now this blood is withdrawn from the circulation it clots nor- 
mally The hemophilic platelets presumably agglutinate and break dovm 
in what we may consider the normal time, that is to say, vdien the plasma 
IS right they exhibit no abnormal stability 

The part taken by the thromboplastic substance of the blood in 
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clotting IS T (iillKiilt nui contnnciMil sul))ccc wlnth I sinll not attempt 
to discuss u kngfh It inu he snd tint thioinhophstin when present m 
sulticicnt tonccntruion t uiscs eoigiil ition of tlie plnsmi w ithout partici- 
pation h\ the platelets Piatckt-trcc hcnioplnlic plasma obtained cen- 
trituging the blood at high speed in paridinni tubes clots solidh m one 
to two minutes on the uidition of i sohitioii ol purified thromboplastin 
prepared Irom lung tissue ind it his long been Known tint rapid intra- 
\cnous m]te lions o) iismu cxtriets e itisc ihiiost immediate intrii iscular 
clotting It woiiki seem thttelore tint in the eirculiting blootl the con- 
tent of thromboplastin must he below the eoncentririoii required to jn- 
diiec prompt clotting hen blood is shed or w ithdriw n, the content of 
thromboplastin is mereised w ith sonie suddenness b\ the miss disintegra- 
tion of the platelets to a eoneeiiti ition siifiieient to e luse clotting w ithin 
a few niinures the letiiil time \ ir\ inti with conditions such as tem- 
perature or com let w ith i loieitrn surf ice \ point of interest is whether 
or not the thronibojiiastin Ins in\ direct infiuenee upon the agglutina- 
tion and bre^King down of the jihtelcrs I line no eoiiclusuc data upon 
this point bur I am inclined to behe\ e th it thromboplastin docs not affect 
the platelets dircctK although it nnv do so indircctK b\ setting up cer- 
tain chemical chances in the phsma I^latelets when remoacd from their 
normal cnaironmcnt b\ centrifuging and washing exhibit a marked 
rigiditx in structure In saline or e\cn aqueous suspensions they retain 
their shape do not agchitinate and show no tendency to break dowm 
upon contact w ith ck‘’‘' or other foreign surface Addition of solutions of 
thromboplastin to such suspensions docs not seem to affect the platelets 
in any w a\ Yet in shed blootl, platelets do agglutinate and disintegrate 
quickly, and xvhen the concentration of thromboplastin is subnormal, as 
in the case of hemophilic blood, the process is markedly delayed, indi- 
cating that the thromboplastin is concerned in some w'ay in the changes 
undergone by the platelets These contrary indications arc difficult to 
reconcile, but it is clear, I think, that the primary function of the throm- 
boplastin IS to participate in the acwation of prothrombin to thrombin 
In shed blood, both physical and chemical factors may accelerate this re- 
action and thereby alter conditions so as to affect the platelets For ex- 
ample, platelet-free or platelet-poor hemophilic blood in mass in a glass 
container clots very slowly and much more slowly if the avails of the 
container are paraffined But if a sample of this plasma is placed in a 
counting chamber and observed under the microscope it will be found 
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that clotting begins in a few, five to ten, minutes Needles of fibrin are 
deposited m the plasma quite independent of any platelets that may be 
present and they increase rapidly m number until a meshwork of fibrin 
IS formed The greater physical contact with the glass surface in this 
case seems m itself to accelerate the chemical changes leading to the 
formation of thrombin, and it is possible that some product of this re- 
action, m which thromboplastin is concerned, may affect the integrity 
of the platelets, in addition to the well known influence of contact MTth 
a foreign surface Hov ever these are speculations which serve mainly to 
emphasize some of the problems that need further study 

In conclusion something may be said in regard to the therapeutic 
treatment of hemophilia AVliat we can hope for is some method of con- 
trolling promptly internal and external hemorrhages, for there is htde 
reason to believe that an hereditary defect of this kind can be per- 
manently cured by treatment External capillary hemorrhages from 
small y ounds or abrasions of the skin are not usually serious, since the 
admixture of the tissue juices is sufficient to ensure clotting In x\ ounds 
of larger vessels the ordinary surgical methods of closing the wound 
may be supplemented by transfusion and by the application of freshly 
prepared tissue extracts I have lately found that glycerine extracts of 
dried lung give an unusually potent preparation that might be used for 
such a purpose It has the advantage that it retains its activity for a long 
period if kept in the ice box The more serious problem is the control of 
the internal hemorrhages The customary method used for this purpose 
IS the tiansfusion of normal blood In the majority of cases leported this 
method has proved to be efficacious The curves given by Patek and 
Stetson^® shoy^ that after such transfusions the clotting time of the hemo- 
philic blood falls quickly toy^ard or to the normal and may remain at 
this level for a numbei of hours or for a day or two It then returns 
somewliat rapidly to its former condition Since a similar effect is pro- 
duced ydien blood plasma alone is used it may be assumed that the result 
IS due not to the corpuscles but to some constituent in solution in the 
plasma Normal plasma, as we have seen, differs from hemophilic plasma, 
so far as out positive knowledge goes, only in having more thrombo- 
plastin, and we may conclude theiefore that the good effect of the trans- 
fusion IS due to the fact that it increases the concentration of thrombo- 
plastin in the hemophilic blood This conclusion is supported by the di- 
rect experiments of Patek and Stetson^® and of Pohle and Taylor^® xvhich 
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show ihu imiutnous iiiitctioii of then ‘Vlol)iiliii-sulisniicc” enlists n 
shot tt mug of tht coigul uion tinu t onijiinhlc ro tinr proiluctcl by blood 
rnnsiusions It inn bctlnrtlurt irt othtt fnttoisoi toiulinons in\ oI\ cd 
wliith influtntt «ir modil\ tlit tfutt of the throinbopl istin Some f lets, 
it Itist ire Known wlntli iiulit ut tint the tune of coignluion docs not 
ilw n s \ ir\ ihrttth with tlu tonttiitruion of tlnoinliophstin in the 
blond Itisstucd lorinstnKt In I tissl\ tint tnnsfnsioiis of ,is little ns 
lo to :o ct of nornnl bloml snflitt to bung tht toignlition tinit of 
hcniophilic blood within nornnl liinits PnttK iiid Stetson’'' niso report 
tint trinsfiisions of to to ^o et of titrited blood nn\ In\c the snnic 
effect ns niucli liriitr ninoiiiits uid Fohlt mil 1 n lor' ' found tint in n 
piticnt subjected to repe ued injeetions of globulin subsnnee, nt si\ hour 
inten ils n refrieton stite mu dcielop during wliieh the congulntion 
tune seems not to be ifTeeted b\ m ineie ise in the substmcc in the plasnin 
Ilowcier this inn be, we hue the prietieil lesult tint the coagulation 
time of hcmojihihc blood nru be restored to nornnl b\ iiijcetion of solu- 
tions of throinbopl istin I \pcrienee must determine whether this sub- 
stance in purified form nn\ be used is a safe substance for blood 
transfusion 

Many other methods of controlling hemophilic bleeding hate been 
suggested but the claims made for their efficacy In\ e not in most cases 
been confirmed b\ subsequent experience It is not possible to refer to all 
of these methods but a w ord or tw o nia\ be said about some that have 
been recenth proposed Bircli*'^ proceeding upon the theory that the 
hemophiliac is lacKincf in the female sex hormone has treated cases suc- 
cessfully x\ itli o\ arnn extracts and estrone injections Her results have 
been confirmed by some obserxers and denied by others I have not my- 
self been able to detect any positue effect of injections of theelin upon 
the coagulation time of hemophilic blood The careful study of seven 
cases by Stetson and his co-workers’ seems to demonstrate conclusively 
that the feeding or injection of ovarian extracts and estrogenic prepara- 
tions has no distinctly beneficial effect upon hemophilic bleeding or the 
coagulation time of the blood 

Timperley, Naisch and Clark-' report upon a new material which 
they obtain by incubating a mixture of egg white and potassium bromide 
The chemical nature of the active substance derived from this mixture 
was not known, but its use intravenously gave most interesting results 
There was no reaction, the coagulation time of the blood was reduced 




24 


THE BULLETIN 


to normal and if the injections were made during an attack they brought 
relief to the patient Unfortunately these results have not met inde- 
pendent confirmation from other workers, and the authors themsehes 
have not so far been able to devise a reliable method for obtaimnsr the 
effective substance 

Lawson and Graybeak® report good results from simply bleeding 
the patient Blood in amounts from 170 cc to 500 cc as withdraw n by 
syringe at the time of attacks with the result that the patient shoved 
marked improvement and disappearance of symptoms In one case 
bleeding was done periodically over a stretch of seven years, 500 cc 
being VTthdravm everv* si\ to eight weeks They report that during this 
period there vas a cessation of serious attacks which before had been 
frequent The authors do not state the effect of these bleedings upon 
the coagulation time It v as a former belief, based upon Sahh’s® v ork, 
that severe hemorrhage in the hemophiliac causes a reaction of some kind 
that affects the coagulation of the blood, bringing it back to normal, thus 
affording a mechanism for automatically controlling the hemorrhage, 
but later observers (Schloessmann®) hat e not been able to confirm this 
result 

Many attempts have been made also to control the coagulation time 
in hemophilia through the diet or by extracts administered through the 
mouth These attempts so far as I know hat e been uniformly unsuccess- 
ful Some years ago I tested a number of these methods upon one of 
my cases The series consisted of Nateina tablets, Llopis, a mixture of 
vitamins A, B, C, D, with calcium phosphate and milk sugar, ceanothyn, 
the mixed alkaloids of Ceanothus Americanus, cephahn, a crude extract 
fiom brain in aqueous suspension, Howell, a liter and grapefruit diet, 
Pickering, spleen and bone-marrow extracts, Leake, ovarian extracts and 
theehn, Birch, placental extracts, Eley, extracts of fresh lung, extracts of 
dried lung, brewers’ yeast, cod liver oil, hemost^d, seium hemopoietique, 
Roussel, rivanol, hexylresorcinol, carbon tetrachloride, sodium bicarbon- 
ate, alkalosis, ammonium chloride, acidosis, fasting for a period of fortt'^- 
eight hours None of these substances had a definite effect At times there 
might appear to be a shortening of coagulation time, never a return to 
normal although a considerable diminution, but on lepetition uniform re- 
sults could not be obtained, the effect was inconstant I was forced to con- 
clude that such variations as occurred v ere due to spontaneous changes 
m the coagulation of the blood or to small differences in the technique 
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of 'dimplin': Diirnip the present \cu I line (iicii tin, clTecr of uiiiiims- 
tenn" l)v month solutions ot j-mnlKtl thronihojr! tsiin, olnnntd from 
lunii \\hich Hi :<<ro cntseii Inmoplnlu hlooii to tlot nithin one or rno 
minutes hut the results wcit tntirel\ ntpiine h uoulil seem to he im- 
possihlc to iftcel the eotumiition time ol tlic hlooii m t clefimre \\a\ 
h\ thsorpiion Inun the tlmuntirs i mt! 1 <ir the eontrol of hcmojiliilic 
hcmorrlnces u c must reK tt present thicflr upon rrmsfusions hut there 
IS n prospect tint jurther sitni\ of the ehemisti\ mel reietionsf)f rhrom- 
hopltstm mi\ pro\ ulc i more eoneemeiit treument m whieh the elosigc 
nn\ he re^uhtcil to meet the sc\ent\ of thes\mptoms 
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Amonc the 1 true number of interesting naturally occurring com- 
pounds which possess this carbon skeleton are four groups of hormones 
the estroticns elaborated b\ the o\ ary md also possibly by the placenta, 
the androgens of the testis the progestttional hormone of the corpus 
lurcuni and the “bfc-maintaining” hormone or hormones of the adrenal 
cortex These hormones may therefore be cons enicntly called steroid 
hormones ” 

During the past ten years interest in these hormones has been largely 
centered round the problems of their exact chemical constitutions and of 
their respectis e physiological functions in the animal body We are nosv, 
I belies e, at the beginning of a ness'^ phase in research upon these steroid 
hormones, a more purely biochemical phase, arising out of and made pos- 
sible by the achies'’cments of the organic chemists and physiologists dur- 
mg the past decade, the ultimate object of xvhich is the elucidation of the 
chemical mechanisms ins^oRed svhen these hormones produce their phy- 
siological effects in the organs and tissues upon which they act Already 
in a number of different laboratories, studies have been made upon the 
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nature of the chemical reactions invoK cd \\ hen certain of these hormones 
are inactivated in or eliminated from the body, and speculating upon their 
possible modes of oiigin and mtcrconvcrsion is rapidly becoming the 
fashionable biochemical pastime 

So rapidly has this field expanded during the past few years that the 
task of reviewang it critically and comprehensn cly is an impossible one m 
the short time at my disposal I must therefore regretfully limit myself 
mainly to an account of some of the problems in w Inch I and my col- 
leagues are at present interested, mentioning the results and theories of 
others only wdien they arc strictly relevant 



It will be convenient to begin by mentioning some of the w ell estab- 
lished facts about metabolic changes undergone by the hormone of the 
corpus luteum, progesterone (II) 

It is a point of some historical interest that a metabolic reduction 
product of progesterone had been isolated and chemically characterized 
five years before the hormone itself w as isolated in a crystalline form This 
compound, pregnanediol (III), xvas first isolated by myself- m 192Q in a 
slightly impure state from human pregnancy urine A few months after- 
w'^ards it was independently isolated by Laqueur and his co-w'orkers^ and 
by Butenandt'* from the same source The latter \vas soon able to establish 
the structural relationship of this compound to the bile acids w ith com- 
plete certainty ^ 

The true significance of the presence of this steioid m pregnancy 
urine could not at that time be appreciated How^ever, as soon as the con- 
stitution of progesterone had been established in 1934, it xvas immediately 
seen that pregnanediol might be a metabolic product of the hormone, 
formed by the reduction of its twm ketonic groups and of its double 
linkage The discox'^ery by Hartmann and Locher'^ m human pregnancy 
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urine of 1 Mcrcoisoincr ol prtgn inciliol illnprcgmncciiol (I\') m hicli 
difTcrcti from the Jnrincr in its sttiR conhgiiruion it (. proMclccl sup- 
port ior this \icu suite tilt prtsincL of liotli C sttrtoisonitrs in urine 
implitii tint both must lint httn fomitil in tlit liotK bs tlit ncidirinn of 
ludrogen to i dmiblt-linktd ( iiui tlitrtfort non-is\ niitictnc) C of i 
coinnion pretursor Contliisnc pi oof tint prtginntdioi is indttd n nitn- 
bolic prodtitt of progcsttroiit liisbttn rtttntb put foruird 1)\ \ enning 
uul Browne" llitt wtrt iblt to show in tht first phtt tint prtgmncdiol 
IS present in liuiinn prtginntt urint in conibimtion with glucuronic 
icid This obsert nion inttrt stint: tnough in itself Tssunitd great prac- 
tical iniportanct when it w is found tint tht sohibilitits of the sodium 
salt of this prctrmntdiol uluturonit atu! tonpigatt were such that it 
could be qtnntititn tl\ dcttrmintd in prtgnintt urine with a fair degree 
of accuract b\ a rtlatn tl\ simple procedure L sing this method of deter- 
mination thc\ were suceesstul in demonstruing an increase in pregnane- 
diol excretion in a non-prtt:nant wcuiian following the admimsrr.ation of 
progesterone ' \\ e are therefore ftilK pistified in rceogni7ing pregnane- 
diol as an end product of the met ihfilism of progesterone and it follows 
tint the same max be said of allopregnanediol \s far as I am aw are there 
arc no reliable /inures in the lirenrurc to indie ire the relatn c amounts of 
these two end-products of progesterone metabolism which are excreted 
in the urine M\ own experience with pregnancy urine extracts how- 
c\ cr, leas cs me in no doubt x\ hatsoea er that the reduction of progesterone 
in the bod\ leads to the formation of nnieh more prcgnanediol than allo- 
pregnanediol As w c shall see later it is possible that this fact max not be 
dex Old of biological 

As might be expected, pregnancdiol and allopregnanediol are not the 
onlx’’ simple reduction products formed from progesterone in the body 
Manx' partly reduced intermediates arc theoretically possible, and since 
the addition of hydrogen to the three reducible groups of progesterone 
mx'olxcs the formation of three nexv^ asymmetric carbon atoms, a xery 
large number of products might result from the simple reduction of the 
hormone Sex eral of these hax c indeed been isolated from human preg- 
nancy urine by Marker and his collaborators 

Before proceeding any further, I must digress for a moment m order 
to explain the particular system of nomenclature xxTich I intend to use 
when I am referring to stereoisomers in this series of compounds If the 
O hydroxyl group in a particular compound has the same steric config- 
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uration as that of the hydroxyl group in cholesterol, which is assumed to 
be CIS to the Cio angular methyl group, it is designated by the prefix jS- 
Thus the partial formulae (V) and (VII) are of 3/5-hydroxy compounds 
Such compounds are precipitated by digitonin V'hen the Ct hydroxyl 
group has the epimeric configuration as in the partial formulae (VI) and 
(VIII), the prefix «- is used Such compounds arc not as a general rule 
precipitated by digitonin The prefix alio- is, as I ha\ c already implied, 
used to designate the steric configuration at C- Thus in accordance with 
this system of nomenclature, the compounds w Inch I have been some- 
what loosely referring to as prcgnanediol and allopregnancdiol, and 
which are of types (AT) and (VIII) rcspectn cly, should be called preg- 
nane-3 («), 20-diol and alloprcgnanc-3(a), 20-diol 








W 


Some years ago, before the relationship betneen prcgnanediol and 
progesterone had been discovered, Dr Haslew ood and myself n ere at- 
tempting to show the presence of the former substance in the urine of 
pregnant mares AVe failed to do so, but we succeeded in isolating another 
interesting substance which we suspected might be closely related to 
prenanediol This compound gave analyses in close agreement with 
those required for a triol of the formula OlHv?(OIT)^, but since we ivere 
unable to make any molecular weight determinations v e were unable to 
go further than stating that it had the empirical formula (C-HiiOH)n 

AAhthin the last year A'larker and his associates'^ have also isolated this 
compound from the urine of pregnant mares, and more recently^'' have 
published results which they claim prove that this compound is pregnane- 
3(“)5 4(/^), 20-triol They suggest that this compound is formed from 
progesterone by the reduction of both ketonic groups and the addition 
of the elements of water to the double linkage in the manner sho^^^l in 
Fig A 

This view of the structure of the compound is one with \i’’hich I can- 
not agree Dr Odell and T® have been working on the constitution of this 
compound for the last three years Our evidence on its structure is not 
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\ ct complete Init the li tt i \\ hieh \\ e ln\ e so f ti oht lined is ihsolutclv ir- 
rcconciinhlc with tiie eoneltision of Mtrkcr lI aI If the eoinpotind is in- 
deed 1 steroid w ith tliree h\ drow 1 groups tw o of \\ Inch ire u positions 
^ nnd :o— md of this w e onl^eK es li n e no proof u present— tlien our c\ i- 
dcncc indicites th It tt is\cr\ prohihK i pregninc or illopiegmne-^ («), 
6 :o-trioI 1 lie forniition of sueli i eoniponnd from progcstcionc could 
he c\pl lined on the reisonihle supposition tint ifter tlic icthietion of the 
Ct ketomc group md hefoic tiie iddition of the elements of witcr. the 
double hnkige shifts from the 4 ^ positions is show n m Fig B 



Ar the present time the hioehemieal significance of the presence of 
this compound m the urine of pregnant marcs is not at all clear Ac first 
wc were inclined to helieic that it represented the main end-product of 
progesterone metabolism in the marc, occupying a position in the meta- 
bolic scheme analogous to that occupied by pregnancdiol in the human 
However, since it has recently been showm by A'larker et al^‘ that preg- 
nant marcs’ urine contains as much pregnancdiol and alloprcgnancdiol as 
does human pregnancy urine, this view' must clearly be abandoned 
Although the position of this interesting triol in steroid metabolism is 
still obscure, there arc no doubts in my own mind concerning the impor- 
tance of Its position in our own work on steroids, since it has been respon- 
sible for the initiation of a new line of research which promises to lead us 
to a real understanding of certain phases of steroid metabolism Our isola- 
tion of the triol from mares’ urine, led me some years ago to look for it in 
human pregnancy urine I failed to find it, but I was able to isolate another 
new"^ compound, which for brevity I will refer to as x We are at present 
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working on the constitution of x, but so far we have not progressed far 
enough to permit us even to hazard a guess concerning its structure, and 
therefore I am unable to make any speculations concerning its role, if any, 
in steroid metabolism However, at one time I had the idea that x might 
be a metabolic product of certain of tiie adrenal steroids, and I therefore 
suggested to Dr Butler that we might search for it in urine specimens ob- 
tained from individuals with hyperplastic adrenals Mr L R Broster of 
the Charing Cross Hospital, London, very kindly came to our assistance, 
and sent us several concentrates of urine obtained from -uonicn vith 
marked symptoms of adrenal vinhsm and upon whom he subsequently 
operated We were completely unsuccessful in isolating x from these 
urines, and I might add that we ha\ e now no grounds for belie\ ing that 
X is derived from the adrenal steroids as I had originally supposed How - 
ever, w'hile w e w ere looking for it, w e found another new' compound 
w'hich almost certainly is an adrenal product, since W'e ha\ e never en- 
countered it in any urines except those obtained from adrenal virilism 
cases 

This new' compound proved to be saturated tnol of the formula 
CaiHssC OH) 3 — isomeric wuth but different from the tnol in pregnant 
mares’ urine The elucidation of its constitution proved to be a surpris- 
ingly simple matter "We found that tw'o of the three hydroxyl groups 
W'ere easily estenfiable, wdiereas the third xvas not— a fact which sug- 
gested that the latter might be tertiary We next indulged in some guess- 
ing On the assumption that it w as a steroid of the pregnane or allopreg- 
nane type w ith hydroxyl groups at positions Ct and C20, e guessed that 
the third hydroxyl group might be at C17, by analogy xvith certain of the 
adrenal steroids, thus arriving at the hypothetical formula showm be- 
low' (IX) 

Such a compound should be capable of being oxidized by lead tetra- 
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iccnic to McUi tctt tUitlu dt. uul i Imliow l^nonc of tin. foinuilt Ci-,- 
H' O- (\) \tc(*riiint:I\ wt utimptcil to o\uli/c om c()in]M)uiul with 
this rctg(.nt W i f<niiui tint it w is o\iih/cii iiui in tin. pimiiicts wc ulcn- 
titicd icctiKlcluilt iiui 1 lu (irow kitoiK whiili unit /cci foi CrJI 
It w is ippirciu tint il out oiigin il guc'vs w is coi rctt tliL 1 irtcr imist he 
niulmsteroiic (Xl) isoimlros,croiK (MH ;(«) In tirow icriochol iiic- 
17-onc (XIII) or n/J)-h\ liiow utiochol UIC-17-01U {\I\') It proted 
to he uknticil w nil t(n)-h\ drow ittio(.hoIinL-i7-onL ( onsccpiciitK we 
hid proved tint the triol w n pieuiniu-;(<») i- :o-tiioI (\\ ) 



During the progress of this work we eneoiintered in cernin of the 
urine fractions small amounts of other cr\sralhne substances \\ e there- 
fore decided to attempt to w firk up much larger quantities of urine from 
adrenal \irihsm cases in order to obtain these other compounds in 
amounts sufficient!) large for identification Mr Broster once again came 
to our assistance and sent us the concentrate from forty-five liters of urine 
collected from a female patient with adrenal hyperplasia and definite 
symptoms of v irilism The extract from this concentrate w^as systemati- 
cally fractionated and yielded, as w^c had anticipated, several crystalline 
compounds, some of wffiich w'c w'crc able to identify wnth certainty The 
non-ketonic fraction yielded the same pregnane-3 («), 17, 20-triol, which 
W'e had previously isolated from the earlier urine specimens, while from 
the ketonic fraction w^e obtained two hydroxy ketones of the formula 
CioHsoOs One of these w^as easily identified as isoandrosterone (XII) 
while the other proved to be 3(a) hydroxyaetiocholane-17-one (XIII) 
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Both of these substances were prepared by Ruzicka-® from cholesterol m 
the course of his classical work on the constitution of pseudo-synthesis 
of androsterone Neither of these compounds, however, had previously 
been isolated directly from any natural source The identification of iso- 
androsterone is of some interest in connection with the etiology of ad- 
renal virilism, since it possesses weak, but quite definite androgenic 
potency 

The presence in the same urine specimen of pregnane-3 (a), 17,20- 
triol and of 3(a)-hydro\yaetiocholane-i7-one, the substance to wdiich 
the former gives rise by oxidation wnth lead tetra-acetate, struck us as be- 
ing very significant It seemed probable to us that an oxidation similar to 
that w^hich can be effected in the laboratory wnth lead tetra-acetate must 
have occurred in the body Following this line of reasoning further, we 
decided that probably the isoandrosterone had arisen m a similar manner 
by an oxidative removal of the side chain of allopregnane-3(/3), 17,20- 
triol (X\T), wdnch bears the same structural relationship to it as does 
pregnane-3 (a),i7,2o-triol to 3 (a)-hydro\yaetiocholane-i7-one 



W e accordingly conducted a search in our urine extracts for allopreg- 
nane-3 (i8),i7,2o-triol We have so far failed to find it, but Reichsteiir^ 
has recently reported the isolation from adreno-cortical extracts of two 
isomeric allopregnane-3 (i8),i7,zo-tnols wdiich must differ from one an- 
other in their steric configurations at C17 and/or C20 Either of these 
could therefore give rise to isoandrosterone by a side-chain oxidation of 
the type that w^e suggest takes place in the body 

While w^e were conducting our abortive search for allopregnane- 
3 (/3),i7,2o-triol in urine, we isolated another triol We had insufficient 
data for complete identification, but our evidence, such as it is, very 
strongly suggests that it is pregnane-3 (f 3 ), 17, 20-triol (XVII) If our 
theory of side-chain oxidation is correct, then this mol should give rise to 
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5(/3)-ln drow itnothi)! int-i --niu (\I\ ) in tht l)i)d\ W c in\ c nnr so 
fir been ib!c in isoliit this In tirow Kitonc from uircnil \irilism urine 
It we could do so tin, cvuknct in tuorol our thcors ot sidc-clnin o\i- 
dnion would he cxtrcimK comincintx \s it is the c\idciKc is sufii- 
cicntK strongiiinn ojunion to ]usti|\ its pro\ isit)nil icccpnncc is i hisis 
for turrlur w orK ind spcciil ition it mn he mentioned it this jioinr rhit 
if our new triol is imicetl preyinne- , (/O 17 :o-triol its jiresenee in urine 
will not he in line with the recent ptedietion of Mirker-- tint situnted 
^('^)-ln dro\\ steroids of the c oprostme scries will not he found in urine 
or tissues 

I must ne\t diseuiss the jirohlein ot the mode of onjiin of these pretj- 
ninc-ind dlopregnine-; i-:o-trioIs M irker * h is reeentl\ putforwird 
the suirgcstion tint the lundunentil steroui from which ill the idrenil 
steroids the estrotrenic’ md iiulro'j-enie hormones ire formed is the so fir 
unknown A( ^ -preini'dieiie-i; :i-diol-; ii :o-trione (Will) ind 
which he simgcsts nii\ he identic il with the true idreiio-corricil 
hornionc 


to 



According to his thcor\ , therefore, ill these steroids arc formed from 
a precursor which ilrcidv possesses a C17 tertiary hydroxyl group Dr 
Butler and 1 hold a sonicw hat different \ icw suggest that the steroids 
wnth C17 tertiary hydroxyl groups ire secondary products wdiich are 
formed by the addition of the elements of w'ater to the double linkage of 
an enolized C20 ketonic steroid in the manner showm m Fig C 



Fig c 
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If this represents the true state of affairs and if our theory of side- 
chain oxidation is correct, then steroids with the allopregnane carbon 
skeleton, with Cs hydro\}d or ketonic groups, and with C20 ketonic side 
chains attached to C17, might be expected to have androgenic properties, 
since by the addition of water to the side-chain in the manner depicted 
above, and by subsequent oxidation between the so-formed C17 and C20 
hydroxyl groups, androgenic compounds might be formed in the bodv 
At the moment this is almost pure speculation supported by no experi-' 
mental evidence of our own iMarker et have, however, made an 

obsen'^ation which could be explained on the basis of our speculative 
theories, and \vhich therefore provides them with some measure of ex- 
perimental backing From human pregnancy urine these m orkers isolated 
allopregnane-3 (o)-oi-2o-one (XIX), one of the partial reduction prod- 
ucts of progesterone, and they made the astonishing claim that it possesses 
powerful androgenic properties We would suggest that the androgenic 
potency of this compound might be explained by supposing that it adds 
on the elements of water to the side-chain and is then oxidized m ith the 
formation of androsterone, according to the scheme shown below 




I have already pointed out that in reducing the double bond of pro- 
gesterone the human body seems to have a preference for forming com- 
pounds of the pregnane rather than of the allopregnane type, as indicated 
by the fact that the pregnant woman excretes much more pregnanediol 
than allopregnanediol This fact appeared to us to be somewhat signifi- 
cant in the light of our speculative theories, since the formation of an 
excess of reduction products of the allopregnane type might give rise to 
unwanted and harmful androgens by the series of reactions which we 
suggest may occur in the body 

In order to consider further the nature of the precursor or precursors 
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from which these isomeric triols arise, it will be convenient to make a list 
of the latter 

(a) pregnane-3 (a), 17, 2o-triol ftorn urine, 

(b) pregnane-3 (^), 17, 2o-tnol from urine, 

(c) two allopregnane-(^),i 7,20-triols from adrenals 

Now (a) differs from (b) and (c) in the configuration at the as\ mmetric 
C3 It IS therefore justifiable to assume that both Cs stereoisomeric types 
have arisen from a common precursor with no asymmetry’- at C3— that is 
to say probably from a compound with a Cs ketomc group Similarly 
(a) and (b) differ from (c) in the configuration at the asymmetric Cs It 
therefore follows that both Cn stereoisomeric types probably have arisen 
from a precursor with a double linkage at C-, \Yt are now m a position 
to attempt to identify this hypothetical precursor Since it probably has 
ketomc groups at C20 and Cs and probably has a doubly-linked Cs, it 
seems likely that it may be progesterone itself Dr Butler and I therefore 
believe that the various isomeric triols that are found m the urines of 
adrenal virilism patients and m the adrenal gland, are formed from pro- 
gesterone in the adrenal corte\ 

In support of our belief there is now a considerable v eight of evidence 
that indicates that progesterone is manufactured in large amounts in the 
adrenal gland In the first place Dr Butler and I ha\e observed that 
women with adrenal virilism symptoms excrete abnormally large amounts 
of pregnanediol, which, as has already been seen, is the chief end product 
of progesterone metabolism in women Secondly, Callow and Parkes-^ 
have shown that extracts of the adrenals of certain species are highly 
potent in inducing progestational proliferation of the uteri of experi- 
mental animals Finally, a few weeks ago, Beall and Reichstem-^ inde- 
pendently isolated pure progesterone itself from adrenal extracts There 
can therefore be little doubt, I feel, that our contention that progesterone 
occupies a key position in steroid metabolism m the adrenal gland is 
substantially correct 

Before I conclude, I wish to spend a short time describing some work 
along somewhat different lines which Mr Darrach and I have been carn^- 
ing out during the past two years and xvhich promises e\ entually to 
throw much light on the intermediary metabolism of the estrogenic hor- 
mones The original problem which Mr Darrach and I set out to study 
Mas the purely academic one of the chemical mechanism of the veil 
known Kober color reaction for estrogens It v ill be recalled that this 
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color reaction consists of the production of a red color when an estrogen 
IS heated with concentrated sulphuric acid or phenolsulphonic acid and 
the mixture subsequently diluted with water 

We found in the first place that the red color in the reaction mixture 
could be discharged by neutralizing the solution with sodium bicar- 
bonate, and that restoration of the original red color could be achieved 
by reacidification, the color change occurring at a pH of somewhat less 
than I o These facts suggested to us that the colored compound might 
be an oxonium salt Now it is well known that certain « jS diketones and 
o-quinones yield red colored oxonium salts in acid solution (cf Kehr- 
mann^°) It appeared probable to us therefore that the red compound 
formed in the estrogen color reaction might be an oxonium salt of 
3-hvdroxy-i6,i7-diketoestratriene (XX), which, of course, under the 
conditions of the reaction would be partially sulphonated 



We saw that if this explanation was the coirect one, the following would 
be expected to occur 

(a) The red colored compound should be foimed from estriol under 
much milder conditions than are necessary for its formation from estrone, 
since the « (3 dihydroxy-grouping of the former should yield an « ^ 
diketone more readily than would the -CO-CH2- grouping of estrone 

This was found actually to be the case Heating estriol with 50 per 
cent sulphuric acid, or with lead peroxide in acetone solution and sub- 
sequently acidifying, or with perchloric acid, all yielded the typical red 
color These treatments did not result in the formation of a red color from 
estrone In passing I might mention that Mr Darrach has lecently stand- 
ardized the conditions for the color reaction of estriol with perchloric 
acid, so that it is now possible to deteimine quantitatively the amount of 
estriol in an estriol-estrone mixture by a direct process 

(b) The red color should be readily discharged by mild conditions of 
reduction, and the product should be partially sulphonated estriol and/or 
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a mixture of its Cio and C17 epimers, even though estrone was originally 
used in the reaction 

We again found that our anticipations proved to be correct From 
the mixture obtained by discharging the red color m an estrone color 
reacaon with zinc, tin, or sodium bisulphite, a product was obtained 
V hich behaved like estriol, and unlike estrone, m that it gat e a red color 
on heaang with 50 per cent sulphuric acid 

We were finally convinced that our explanation of the mechanism of 
the color reaction was essentially correct, when we found that the red 
colored solutions deposited a solid insoluble product on treatment with 
o-phenylenediamme, since the formation of qumoxalmes on treatment 
with this reagent is characteristic of a /?-diketones 

Shortly before we had arrived at this conclusion Pincus and Zahl"‘ 
made the very important discovery that if estrone is administered to a 
pseudopregnant rabbit, or to an ovariectomized rabbit treated u ith pro- 
gesterone, estriol appears in the urine Experiments carried out on hyster- 
ectomized animals clearly showed that this in vivo hydration of estrone 
to estriol occurs in the uterus Now, as has been seen, the mam end- 
product of progesterone metabolism is pregnanediol, which is formed 
from the former by the addition of six hydrogen atoms We therefore 
argued that if it was justifiable to assume from the work of Pincus and 
Zahl that the metabolism of endogenous estrogens in the pseudopregnanr 
uterus IS dependent upon the simultaneous conversion of progesterone to 
pregnanediol, then it might be logically expected to be a process in\ olving 
the loss of six hydrogen atoms That is to say \\ e pictured endogenous 
estrogen being metabolized in the pseudopregnant uterus by a process 
involving three successive dehydrogenations in which progesterone v as 
acting as a hydrogen acceptor Now the work of Doisy and his co- 



workers"'* points to estradiol as the true endogenous o\ arian estrogen e 
therefore speculated on what might happen to estradiol (XXI) as a result 
of a three-stage dehydrogenation It seemed likely that it might first lose 


40 


THE BULLETIN 


two hydrogen atoms to yield the enolic form of estrone (XXII), M^hich 
might then add on the elements of water to form estriol (XXIII) The 
latter by two successive dehydrogenations might be expected to yield 
3-hydro\y-i6,i7-diketoestratriene (XXIV)— the chromogen which ve 
believe is formed m the Kober color reaction 

These entirely speculative arguments therefore led us to anticipate 
that hydrovydiketoestratriene might prove to be one of the main end 
products of simultaneous estrogen and progesterone metabolism We 
therefore undertook a search for this substance in human pregnancy 
urine "We have not so far isolated it, and since isolation in a state of 
chemical purity is the only entirely satisfactory proof of the existence 
of a compound, we cannot be sure that our theories are correct We 
ha\ e, however, obtained strong indications that human pregnancy urine 
does contain a chromosren vTich is not estrone or estriol and which dis- 
plays many similarities in beha\ior to the chromogen formed in the 
Kober color reaction V^e are hopeful, therefore, that our speculations 
concerning estrogen metabolism may be not far from the truth 

This theory of estrogen metabolism permits a new light to be thrown 
upon two interesting papers that have recently been published Smith 
and Smith*"' have showm that the yield of physiologically active estrogenic 
material obtainable from human pregnancy urine can be greatly increased 
by the addition of zinc to the urine during the acid hydrolysis We con- 
sider that this phenomenon may be due to the reduction of the diketone 
to estriol or its epimers, rather than to the reduction of estrone to estra- 
diol as the authors themselves suggest Patterson^'’ has recently described 
a method for the chemical diagnosis of pregnancy based on the colori- 
metric determination of estriol by the Kober reaction His process 
involves a preliminary treatment of the urine xvith sodium bisulphite, 
w Inch he believes facilitates the performance of the color reaction by 
destroying various pigmented substances in the urine We believe that 
the observed improvement in the color reaction after sodium bisulphite 
treatment, may be due to the reduction of the diketone originally present 
in the urine to estriol and its epimers 

In conclusion I must apologize for devoting so much of my time to 
speculative theories Speculation is a poor substitute for experimental 
wmrk, but in a new and rapidly expanding field such as this, it is perhaps 
justified since it often provides the stimulus that leads to the making of 
new'^ laboratory discoveries 



The hnennedmry MetabohsiJi of the Steioid Honiwnes 4 1 


refurences 


1 Cillo«, R K and Young, F G Rela- 
tions beb\een optical rotator\ power 
and constitution in the steroids, Proc 
Roy Soc London, Ser A, I93C, 157 IS-t 

2 Marrian, G F The chemistra of oestrin, 
preparation from urine and separation 
from an unidentified solid alcohol, Bio- 
chem J , 1929, S3 1090 

3 Dingemanse, E , de Jongh, S E , Koher, 
S and Laqueur, E Ueher kristallinisches 
Menformon, Deutsche med Wchn'^rhr , 
1930, Se 301 

4 Butenandt, A uher das Pregnandiol, 
einen neuen Sterin-Ahkommling aus 
Scliwangeren-Harn, Ber deutsch chcm 
Oesellsch , 1930, 63 639 

5 Butenandt, A uher das Pregnandiol, 
einen neuen Sterin-Ahkommling aus 
Schwangeren-Harn (pt 2),Bcr deutsch 
chem Oeselhch , 1931, 64 2529 

6 Hartmann, and Locher, F Uher Allo- 
Pregnandiol, einen neuen Alkohol aus 
dem Schwangernharn, Helv chtm Acta, 
1935, 18 160 

7 Venning, E H and Browne, J S L 
Isolation of water-soluhle pregnandiol 
comple\ from human pregnancy urine, 
Proc Soc Exper Biol ^ Med , 1936, 34 
792 

8 Venning, E H Grayimetric method for 
the determination of sodium pregnandiol 
glucuronidate (an excretion product of 
progesterone), / Biol Chem , 1935, 119 
473 

9 Venning, E H and Browne, J S L 
Studies on corpus luteum function , urin- 
ary excretion of sodium pregnandiol 
glucuronidate in the human menstrual 
cycle. Endocrinology, 1937, SI 711 

10 Marker, R E , Kamm, O and McGreyw, 
R V Isolation of epi-pregnanol-3-one- 
20 from human pregnancy urine, J Am 
Chem Soc , 1937, 59 616 

11 Marker, R E and Kamm, O Isolation 
of pregnanolone from human pregnancy 
urine, / Am Chem Soc , 1937, 59 1373 

12 Marker, R E , Binkley, S B , V'lttle, E 
L and Layyson, E J The 3 (jg) -hy- 
droxy steroids in human pregnancy urine, 
J Am Chem Soc , 1938, 60 1904 


13 Ilaslewood, G A B , Martian, G F and 
Smith, E R New saturated solid alco- 
hol from urine of pregnant mares, Bio- 
chem J , 1934, S8 1316 

1 4 Marker, R E , Kamm, 0 , Crooks, H M , 
Oakyy ood, T S , Wittle, E L and Layy- 
son, E J Pregnanetriols from preg- 
nancy urine, / Am Chem Soc, 1938, 
60 210 

15 Marker, R E , Kamm, O , MTttle, E L , 
Oakwood, T S and havrson, E J The 
structure of pregnanetriol-B, / Am 
Chem Soc , 1938, 60 1067 

16 Odell, D and Marrian, G F Some 
obseryations on the constitution of the 
“pregnanetnol” occurring in the urine of 
pregnant mares, / Bwl Chem 1938, 
1S5 333 

17 Marker, R E , Kamm, O , Crooks, H M , 
Oakwood, T S, Lawson, E J and 
M ittle, E L Pregnandiols in pregnancy 
urine of mares, J Am Chem Soc , 1937, 
59 2297 

18 Butler, G C and Marrian, G F Isola- 
tion of pregnane-3, 17, 20-triol from 
urine of yyomen shoyvmg adreno-genital 
syndrome, / Biol Chem , 1937, 119 565 

19 Butler, G C and Marrian, G F The 
isolation of 3 (^j.) hydroxy etiocholane- 
17-one, 3 (^) hy droxyetioallocholane- 
17-one (isoandrosterone) and a new 
triol from the urine of a yvoman yvith an 
adrenal tumor, J Biol Chem , 1938, 1S4 
237 

20 Ruzicka, L , Goldberg, AI W , Mey er, 
Brungger, H and Eichenberger, E Uher 
die Synthese des Testikelhormons ( “Vn- 
drosteron) und Stereoisomerer desselben 
durch Ahbau hydrierter Sterine, Helv 
chim Acta, 1934, 17 1395 

21 Steiger, M and Reichstein, T Uher Be- 
standteile der Xebennieren-Rinde, Helv 
chim Acta, 1938, SI 546 

22 JIarker, R E The origin and interrela- 
tionship of the steroidal hormones, J 
Am Chem Soc , 1938, 60 1725 

23 ^larker, R E, Kamm, O, Jones, D M^ 
VTttle, E L, Oakwood, T S and 
Crooks, H ^I Synthetic preparations of 
epi-allo-pregnanolone, the androgenic 


42 


THE BULLETIN 


principle of human pregnancy urine, J 
Am Cliem Soc , 1937, 59 7C8 

24 Callow, R K and Parkes, A S The 
occurrence of oestrin and progestin m 
adrenal, testis, and hypophysis, J Phys- 
iol , 1936, S7 28 P 

25 BeaU, D and Reiehstein, T Isolation of 
progesterone and allo-pregnanolone from 
the adrenal. Nature, 1938, 142 479 

26 Kehrmann, F CKonium-Verbindungen, 
in Die Methodcn dcr organischen Chemxe, 
Leipzig, Thieme, 1923, v S, p 317 

27 Pincus, G and Zahl, P A Biogenesis of 
prlmar^ se\ hormones, fate of estrins 


injected into tlie rabbit, J Gen Physiol, 
1937, 20 879 

28 MacCorquodale, D W, Thayer, S A 
and Doisy, E A The crj stallme ovarian 
follicular hormone, Proc Soc Exper 
Biol § Med , 1934-35, S2 1182 

29 Smith, G Van S and Smith, 0 W 
Increased estrogenic potency of human 
urine after hydrogenation, Proc Soc 
Exper Biol § Med , 1937, 56 460 

30 Patterson, J Chemical diagnosis of early 
pregnancv , method based upon detec- 
tion of oestriol m the urine, Brit M J , 
1937, 2 522 


JANUARY 1939 


43 


INFECTIOUS MONONUCLEOSIS*^ 

John R Paul 

r IS unnecessary to call attention to the fact that infectious 
mononucleosis is a disease which has been recogmzed for 
about fifty years under the term of glandular fever, but a 
disease which for the last fifteen years has been reclassified 
under a new name Under the old name it was regarded 
more or less with indifference, under the new it has been rapidly accepted 
as a definite clinical entit)'', at least such has been the case in this country 
Abroad, particularly in Germany, this has not been the case, and it is 
then loss, I should say They still use in Germany the terms, “drusen- 
fieber” or “monozytenangina,” both of which carry with them a non- 
specific implication which cannot be dispelled by even the most exhaust- 
ive of then studies ^ ■ 

It IS also unnecessary, as well as impossible, to give a full account of 
mfectious mononucleosis m an article of this type Such descriptions may 
be found in some of the well-known articles describing this disease ^ 
Nor will I attempt to discuss the various theories of its nature, nor the 
experiments which have been done m a search for an etiological agent 
Instead, this article will be limited in its scope essentially to the clmical 
diagnosis of this disease 

It is of course of first importance to gain an adequate impression of 
the clinical picture Next, one should have some knowledge of the two 
most important laboratory aids, the blood picture and the serological test 
A knowledge of all three features should then make the diagnosis easy 
In fact I think I am correct in saymg that there are few diseases in which 
we are so fortunate as to have three such defimte diagnostic aids, and yet, 
in spite of them, the disease probably escapes recogmtion very often One 
has to be distinctly on the lookout for it Often the clinical symptomatol- 
og)^ IS very mild, there seems to be such a thing as “wallong mfectious 
mononucleosis” and these and other cases may easily escape recognition 
if differential blood counts do not happen to be done In fact, it is eas)' 
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for a great blind spot for the disease to develop Under some circum- 
stances this blind spot is so great as to almost blot the disease out of exist- 
ence This may have been the situation which universally prevailed with 
regard to glandular fever during the period of the World War Professor 
Tidy^ of London states that between the years of 1915 and 1 920 he could 
not find a single reference to it in medical literature Today the Index 
Medicus lists about twenty-five papers a year under the title of infectious 
mononucleosis But in spite of local mterest in some places, the distribu- 
uon of the disease continues to be irregular A student of ours who re- 
cently spent a year m postgraduate medical wmrk in London, where much 
good work has been done on this disease,^ tells me that the professor of 
medicme m one of the best kno\vn of them medical schools, informed 
him that he had never seen a case of infectious mononucleosis But we 
may be subject to these same blind spots here How did the Mt Sinai 
Hospital of New York City happen to collect such a large series in a 
short space of time unless they were on the alert for them^ Why does 
the disease seem to be so particularly prevalent in medical students’ Is 
It possible that it is recogmzed only in those cases of upper respiratory 
infection in which consecutive blood counts arc frequently performed’ 

Pi edtsposmg Featm es I have already stated that I am not going to xiy 
to cover the whole chnical picture of the disease Instead, I am gomg to 
draw largely upon experiences gained from our series of cases This series 
IS small It comprises only fifty-one cases which have been studied at the 
New Haven Hospital, although additional information has also been 
obtained from about forty more cases seen elsewhere In some respects 
our series gives a different picture from that mentioned m the usual text- 
book arucle 

Age Most of the cases in our series occurred in young adult males 
vTo were betxveen the ages of twenty and thirty Rarely has the disease 
been seen on our Pediatric Service This experience is not universal 
(Chart i) There have been epidemics in which the cases were confined 
largely to children,® or school boys A remarkable one, in xvhich the 
diagnosis was confirmed by serological tests, is that reported by Nolan® 
from the U S Naval Station at Coronado, California, in which 220 cases 
are mentioned as occurring among the juvenile members of sailors’ 
families Only five of these cases occurred in adults' The fact that it is 
a disease of young adults with us in New Haven, may be influenced by 
our umversity population, but I cannot believe that this is the sole deter- 
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Chart I — The age distribution of the Xeu Ha\cn Hospital senes of 
51 cases of infectious mononucleosis, compared mth tivo other 
series ic, 44 cases reported b\ Heck of the Majo CImic,3 and a 
series of 220 epidemic cases of Nolan from the U S Naial Station 
in Southern California 6 This last senes suggests that there ma\ be 
a special juvende form of the disease, perhaps more prone to occur 
in epidemics than the adult form 


nunmg factor Or, there may be a juvenile form of the disease which is 
prone to appear in epidemic form which we hat e not had the opportumty 
of seeing at our hospital 

Occupation The use of the term infectious mononucleosis was first 
apphed by Sprunt and Evans® to an acute illness of which six cases were 
described, four of which occurred in medical students Smce then there 
have been many comments on the extraordinary predilection which this 
disease has for students living m institutions, and particularly for medical 
students Two-fifths of our cases occurred in individuals vho were di- 
rectly or indirectly associated with the New Haven Hospital (See 
Table i) 

But besides the “institutional” feature, whether medical or otherwise, 
the list of occupations m Table i mdicates that w e are dealmg with a 
disease of those m sedentary employment Is this because our patients 
happen to be individuals who are prone to be hospitalized for hat 
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Table I 

OCCUPATIONS OF 51 PATIENIS WIlII INFECTIOUS .MONONUCLEOSIS 
AT THE NEIV HAVEN HOSPITAL 


Hospital “Attendants" 
G Medical students 
5 Internes 
4 Nurses 
1 Technician 
1 Social asorker 
1 Orderh 

1 Porter in hospital 
1 Doctor’s •uife 


20 


Others 

S Schoolbo^s or girls 
S Lni\ersit\ students 
3 Teachers 
2 Bookkeepers 
2 IIouse^M\cs 
2 Unspecified 
2 Infants or children 
1 Minister 
1 Architect 
1 Salesman 
1 Poolroom itlcndant 


31 


SEX 


Males 31 — Females 17 


appears at first to be a trivial illness and they thus get the benefit of one 
or more blood counts^ Certainly it is true that many cases are mild and 
the patient insists on remaining up and around, and probably this is more 
true than ever among the laboring class 

Clinical Picture 

The climcal picture of infectious mononucleosis, as we know it, can 
be revieived best here Avith the aid of a diagram illustrating clinical signs 
and laboratory tests exhibited by a more or less typical case (Chart 2) 
The diagram is helpful because the chronological order in which the 
signs appear is important To begin with, it is hardly enough to speak of 
mfectious mononucleosis as a disease characterized by general glandular 
enlargement, by mononucleosis and by an increased titer for sheep cell 
agglutimns, unless we appreciate that none of these signs may be present 
during the first v'-eek of the disease 

Incipient Symptoms In our senes of cases the onset has often been 
insidious and marked by nonspecific features such as sore throat, malaise, 
pam in the shoulders and neck, leukopenia, and an irregular fever The 
temperature cun’-e at this period is confusmg It may be similar to that 
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AGGL TITER BLOOD COUNT 


TEMPERATURE 



Chart 2 — The course of a typical example of a moderately severe case 
of infectious mononucleosis, illustrated by the temperature curve, 
the blood picture, and the serological reactions 
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Table II 

SYMPTOMS AND SIGNS DURING THREE STAGES OF THE DISEASE AND 
THE PERCENTAGES IN -WHICH TIHEY ARE RECORDED IN OUR SERIES 


Prodromata or 
Early Symptoms 

(Ezclimve of fever and 
headache winch is very 
common) 


Sore throat 

Alilaise 38% 

S%\ollen glands 16% 

Chills 16% 

Cough 15% 

E\es sore or 
pain behind e\es 12% 

Neck sore or stiff 12% 

Pam in shoulder 6% 

Pam in abdomen C% 


Important Signs and 
Symptoms of the 1st and 
Slid IVceL of the Disease 


S« ollcn glands 

G0%+ 

Reel throat 
Patches on tonsil 

1 co% 

Stomatitis 

Petechiac on soft 

palate 

10% 

Eiclids SM ollcn 

10% 

Liundicc 

10% 

Rash 

10% 


Late and Convalescent 
Symptoms 

Glands ma^ remain large 
for veeks 

Sc\ere cases mai leave 
patients feeling below 
p ir for months 


seen in a mild case of typhoid fever Chilly sensations are frequent at the 
onset and the fever is often up in the evening to loi ° or 103° and down 
the following morning, so that for the first few days of the illness the 
patient may get up and go to his work as usual This fact often confuses 
the physician, who, like the patient, may require several days to make 
up his mind that he is dealing with someone who is really sick Thus, it 
IS often not until the end of the first eek that the diagnosis is established 
By the end of the first week the glands may be sufficiently enlarged 
to attract attention and the blood count also begins to become diagnostic 
At about this time the sheep cell agglutinins may have risen to a titer of 
1/32 or above, which is also diagnostic 

Signs and Symptoms of the Fnll-bloavn Disease The classical physical 
signs of the disease are too well known to require attention here That is, 
an acute illness of ten days to three tveeks duration in which there is a 
gradual enlargement of lymph glands which does not go on to suppura- 
tion, enlargement of the spleen, a red throat and stomatitis often accom- 
panied by patches on the tonsils and pharynx and with lesions with 
which Vincent’s organisms are associated The frequency with which 
some of these were found in our senes is listed in Table II Here the per- 
centages with which these occurred are piobably relative, because all of 
the Items were not searched for diligently in every case Three clinical 
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features which are not common but striking when they occur, w’-ill be 
menaoned briefly 

(a) Oculai sywptonis probably occur more frequently than one 
tvould be led to believe In their early stages they are characterized by 
pain in the eyes, or pain back of the eyes which regresses during the 
second week but leaves the patient with puffy eyelids This may be a 
striking finding 

(b) A papulo-vmculai rash is an irregular symptom but one which 
has been emphasized, and properly so, by Tidy ^ The erupnon is diffuse 
or patchy and generally limited to the trunk It is difficult to describe 
other than by the term morbilliform, in two of our cases it w^as classified 
by the attending physician as a “drug rash ” It may be preceded, or 
accompanied by an enanthem consisting of petechiae on the soft palate 

(c) Jaundice is another manifestation present in the second or third 
week of the disease It is often definite and striking A recent report from 
Sweden emphasizes its importance ° 

Convalescence Infectious mononucleosis is a bemgn condition wffiich 
is self -limiting in two or three w eeks Hov ever, it may be a long time 
(perhaps six months) before the glands return to normal size, and a long 
time before the patient feels like himself again So prominent is this post- 
febrile depression that in severe cases it seems to be part of the disease 
One of our patients ran a low grade fever for six tveeks and w'^as more or 
less prostrated during this whole period 

Blood Picture Half of our cases showed an appreciable leukopema 
during the first week of the disease Here the counts ranged about 4,500 
per c mm , the lowest being 2,000 which occurred in two cases This 
results from a granulocytopema and during the first and second weeks 
one finds, besides this sharp reduction of polymorphonuclear neutro- 
philes, a decrease in filamentous forms giving rise to a so-called toxic 
blood picture The disease may start, therefore, v ith an acute granulo- 
cytopenia and It may be worth considering xvhat relationship this bears 
to the oral lesions, xvhich, it will be recalled, are common in agranulo- 
cytosis of other types During the first w’'cek the lymphoid cells may 
range from 28 to 60 per cent It is also my impression (although I have 
not had occasion to confirm the degree to v Inch this is true) that the 
characteristic abnormal lymphoid cells, so common in this disease, gener- 
ally do not appear in diagnostic numbers at this time In other m ords, 
one is fortunate if one can make a diagnosis from the blood picture during 
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the first week 

By the second M^eek the total white count increases to give rise to a 
leukocytosis which may range from 8,000 to 20,000 leukocytes per 
c mm At this time lymphoid cells are found m from 40 to 85 per cent 
This then is the stage of lympho-mononucleosis in which large and 
characteristic cells appear in considerable numbers m the blood It is 
M^ell knovm that some obsen’^ers consider these cells to be absolutely 
diagnostic of the disease, others do not Downey and McKinlay^“ gave 
in 1923 one of the best of the early descriptions of these lymphoid cells 
in mfectious mononucleosis (or what they called acute lymphadenosis) 
In their article there is a colored plate drawm fifteen years ago but ade- 
quate for our purposes today Here they describe three types of lymphoid 
cells distinguishable from the cells of acute lymphatic leukemia Then: 
differennal point as, and still is, that the predominating large lymphoid 
cells of infecnous mononucleosis are mature cells, in contrast to the 
immature cells of acute Ijnnphatic leukemia 

Osgood^^ has later demonstrated that immature cells (lymphoblasts) 
may be found in infectious mononucleosis but that a more mature cell, 
for which he uses the term pj olyinphocyte, is the more typical cell In 
size these are larger than polymorphonuclear leukocytes and this alone is 
enough to differentiate them from normal lymphocytes Furthermore, 
the nucleus may have prominent nucleoli or mtranuclear bodies and 
also fenestrations MTthin the cell Osgood believes these fenestrations to 
be another diagnostic sign in infectious mononucleosis 

The characteristic blood picture with a leukocytosis ranging from 
8,000 to 20,000 cells and the relative lymphocytosis MTth representatives 
of the lymphoid series above described, is probably a late (second and 
third week) manifestation of the disease By the end of the third m eek 
the total leukocyte count drops, as do also the percentages of lymphoid 
cells Leukopenia during convalescence lasting for some Meeks or 
months, has been described ® 

The red count is unaltered throughout the course of the disease, and 
this IS another point helpful in eliminating lymphatic leukemia Avhere 
anemia is so common 


Serologic Diagnosis 

Reference has already been made to the presence of a unique and 
easily demonstrable antibody m this disease Its discovery M’'as the result 



Injections Mononucleosis 


51 


of an accidental finding and its real significance is stiU unexplained Like 
the Wassermann test it is essentially a nonspecific reaction, but in syphihs 
we know the etiological agent, hereas in this disease we do not 

The stor)’" of this finding takes us back to the work of Forssman,^® 
who in 1911 recognized the existence of certain principles with regard 
to the nonspecificity of certain antigen-antibody reactions He demon- 
strated serological relationships betw een substances (now recognized as 
non-protem “haptens”) in the cells of animals widely separated in the 
zoological system The antibody in these reactions was, and has been 
described, therefore, as the Forssman antibody, but to define a Forssman 
antibody is difficult Perhaps, as suggested by Landsteiner,^'^ now that 
we know more about such antibodies and particularly their variations, the 
term “heterogenetic” or “heterophile” should be more properly applied 
to reactions of antibodies with antigens which are not related in their 
origin 

Only recently has the application of the Forssman prmciple found 
Its way into clinical medicine This occurred when Davidsohn^^ studied 
the “heterophile” response, m the form of lysins and agglutinins for sheep 
cells (er}^throcytes), in the serum of patients who had been injected 
with horse serum Horse serum contains a heterophile antigen and so it 
was natural that when it was mjected mto man, there should be a 
heterophile antibody response Soon afterwards, during the course of a 
search for heterophile antibody responses in various clinical conditions, 
a high titer of such antibodies was discovered in the blood of patients 
with infectious mononucleosis Later BunnelP’^ proved that this finding 
was sufficiently unique to be of diagnostic value in this disease The use 
of the test has increased the degree of confidence vath which the disease 
can be diagnosed Whether this is responsible for increasing the number 
of cases in our series is not known, but in any event from 1923 to 1930 
we had only twelve cases, whereas m a similar length of time, from 1930 
to 1936, we have had thirty cases 

It should be pointed out that normally, sheep cell agglutinins exist 
in low titer in the sera of most individuals Seldom is this titer above 14 
In horse serum disease this titer may be enhanced up to 1/64 or higher 
The normal antibody, which is easily demonstrable in the form of sheep 
cell agglutinins, and the serum disease antibod}' adhere to the tjqie origi- 
nally described by Forssman and originally known as the Forssman 
antibody ” In infectious mononucleosis the heterophile antibody exhibits 
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certain differences^® which are sufficiently clear cut to differentiate it 
from this original “Forssman antibody ” This difference can be readily 
brought out by absorption tests/'’-®® and these tests are not too compli- 
cated for the average clinical laboratorj^ At first thought it Avould hardly 
seem as if such a differential test would have much clinical value, for not 
often would serum disease and infectious mononucleosis be confused 
But, as a mattei of fact, it does have a clinical value and an important one 
This IS particularly true in the case of patients suspected of having infec- 
tious mononucleosis but in whom the titer is low (1/16 or 1/32) Here 
It IS necessary to know whether one is dealing v itli what I shall refer to 
as the “I i\l ” antibody, or whether one is dealing with the antibody 
which occasionally exists in normal individuals As early diagnosis is to 
be desired m this, as well as m other diseases, and as the titer of agglutimns 
IS apt to be low (1/16 or 1/32) in the early stages of this disease, the 
clinical value of the differential (absorption) sheep cell test immediately 
becomes apparent " 

Appeal mice Time and Dniation of Agghitimns The general course 
of the serologic reactions in infectious mononucleosis is shovm schemati- 
cally m Chart 2 In the first week the titer is usually low ( 1/16) In the 
second and third MTcks it averages 1/256 or slightly higher Titers as 
high as I /2000 were encountered twice in our scries during this period 
of the disease 

Much work remains to be done Midi regard to the duration of the 
elevated sheep cell agglutinin titer By and large, it is safe to say that it 
disappears fairly quickly, or, in other ivords, this antibody is appareiidy 
more transient than that seen in virus diseases or in a bacterial disease 
such as typhoid fever Often the level had dropped to J 4 t>V the fifth or 
sixth iveek in our series of cases of infectious mononucleosis In one case, 
to which I have already referred, it remained at a level of 1 764 for seven 
Aveeks and the patient continued to have fevei, mononucleosis and con- 
siderable malaise during this period This patient eventually recovered 
but we believe that she represented an example of a chronic or subacute 
form of the disease Exceptionally high titers may also require many 
weeks before returning towards normal, as in the case shoum in Table III 

* Actual details of performing these serological tests a\ill not be gi\cn m this article For methods 
there are manj sources to which the reader raa\ be referred ® It should be mentioned ho\\e\er, that 
one of the mam features of the test for the differentiation of the I M antibod\ from the normal sheep 
cell agglutinin is that the I M antibod> is but slighth or partialh absorbed b\ suspensions of 
guinea pig kidnej, whereas the normallj occurring sheep cell agglutinin is wholh ab'^orbed b\ this 
ant^en For a description of the methods of performing these tests the reader is referred to the work 
of Beer^» and of Davidsohn "o 
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Table III 

BLOOD COUNTS, SHEEP CELL AGGLLIIN VTIONS, KAHN AND "^VA-SSER- 
MANN REACTIONS IN A CASE OF INFECTIOUS MONONLCLEOSIS 


Date 

Day 

of 

Ditea’te 

n BC 

Lympho- 
cyte % 

Sheep Cell 
Aqqlutimn 
Titer 

Kahn 

Wa<!sermann 
Ale Choi 

1/10/38 

13 

6,050 

49 

1 512 

++++ 

— 

+ -f-f + 

1/15/38 

18 

4,500 

21 

1 4096 

4-+++ 

— 


1/22/38 

25 



1 2048 




2/ 5/38 

39 



1 512 

++ 


-f-f-f-r 

2/11/38 

45 

7,050 

28 

1 512 

-i- 

— 

— 

2/19/38 

53 



1 512 

-f 

— 

_L-L. 

3/ 5/38 

70 



1 256 

— 

— 

— 

4/ 5/38 

101 



1 256 

— 

— 

— 


A recent report from Japan"^ describes the results with comalescent 
sera which were tested from about ten patients Blood was obtained from 
one to three months after the acute illness Half of them still show ed a 
titer of i/i6 or over Tavo were soil above 1/64 

Cases 'With Negative Seiology Another question is, how frequently 
does this reaction fail to occur in proven cases of infectious mononuc- 
leosis In the New Haven series, one or more tests w^ere performed upon 
thirty-seven patients and in only four of these did the nter prove to be 
less than 1/32 In other words, 90 per cent of our cases had positive se- 
rology This may mdicate that we are relying too much upon the sheep 
cell test for our diagnosis In Nolan’s® epidemic series, previously referred 
to, he mentions that all of those tested among his total of 220 cases had 
agglutinins of from 1/20 to 1/320 

On the other hand, Davidsohn^^ who has done extensive w ork on 
this subject has stated that it may be necessary to designate many patients 
by the term, sei onegative cases of infectious mononucleosis From the 
i^ft Sinai HospitaF® comes the surprising statement that the heterophile 
antibody reaction is positive in only 40 per cent of the cases Obviously, 
much more work is needed on this point, particularly as there is as yet 
little data as to what the differential (absorpoon) test wmuld rcA eal in the 
cases With low titers and presumably negative tests 

Positive Wasseimann oi Kahn Reactions Shortly before the hetero- 
phile test began to be used in this disease, a report from Germany de- 
scribed a temporarily positive AVassermann reaction in a patient suffering 
wtth w'hat w^as called Monozytenangina -■* This was m 1928 In 1930 


54 


THE BULLETIN 


Weber, in England, called attention to the fact that in glandular fever 
temporarily positive serological tests for syphilis may occur Several re- 
ports have subsequently followed, among the most recent is that of Bern- 
stein-® from the Johns Elopkins Hospital In his series of thirty-seven cases 
a false-positive Wassermann reaction was noted m six 

Thirt>'-eight cases from the New Elaven Hospital series have had 
serological tests for syphilis and of these, three yielded positive results 
either by the Kahn or ^^^assermann test This is not a high percentage— 
that IS, 8 per cent It may be compared with the 1 6 per cent incidence 
of positives noted in the Johns Hopkins series In both series, however, 
the routme tests for s’vqihihs were probably made early in the disease 
Had they been made upon samples of blood taken late in the disease, it 
IS quite probable that the incidence of transiently positive reactions would 
have been higher In fact, this is suggested by the Japanese observation,-^ 
noted earher in this paper, in which samples of sera \\ ere obtained and 
tested from one to three months after the acute disease About 40 per cent 
of these sera are listed as having a positive Wassermann' 

When this does occur it is indeed striking, as is to be seen in one of 
our cases, reported by Sadusk"’ (See Table III) Here the Kahn, Wasser- 
mann and heterophile antibody tests returned tow^ards normal more or 
less simultaneously This again raises questions about the significance of 
the peculiar antibody or antibodies present in this disease Surely no ordi- 
nary bacterium Muth wdiich w^e are familiar, can cause such an immune 
response Consequently, although the problem of etiology’' mav be said 
to be still open in this disease it w'^ould at least seem, from immunological 
evidence, that an ordinary bacterium can perhaps be eliminated 
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ternal Diseases of the E^e” and “Operative 
Ophthalmologi ” He and Doctor Hollonav 
wrote on “Pulsating Exophthalmos,” and 
edited Mith Doctor Jackson “The Ophthal- 
mic Year Book” for a number of jears 

One of Doctor de SchveiniU’s most domi- 
nant characteristics lias his 'willingness to 
assist -sounger men in their iNork He a\as 
ne\er too busy to ad\ise joiing ophthalmolo- 
gists, a\ho affectionateh called him “King 
George” because of his distinguished appear- 
ance and bearing His generosity to aounger 
men a\as shown bv his eagerness to collabo- 
rate with them in writing articles He en- 
joj ed w riting, and lo\ ed to help his assist- 
ants obtain recognition for their literary 
contributions He had an exceptionalh alert 
mind and had such a concise, clear aiew' of 
so mana things that it could not but be re- 
flected m the aaritings of the jounger men 
he taught He aaas dceplj interested in 
scientific research and gaac encouragement, 
assistance and unstinted praise to those who 
achieaed results He had hosts of friends, 
both in and out of the medical profession and 
mana benefited ba his skill as surgeon and 
ophthalmologist 

In aariting the history of ophthalmology 
in the twentietli Centura, tlie aaork of George 
Edmund de Schaaeimtz avill stand out aaith 
that of other great men like ‘NVilmer and 
Fuchs It IS certain that the inspiration from 
his avork and character will continue to be 
a force driaing ophthalmologa’’ to eaer 
greater heights 
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Hospital 
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New York Cit} , born in Brooklaai, Neav 
York, Noa ember 30, 1878, died in New York 
Cita, Noa ember 26, 1938, graduated in medi- 
cine from the Umaersita of Virginia in 1899, 
elected a Fellow of the Academy Jlar 3, 1904 
Dr Ford, aaho was a former president of 
the medical board of St Vmcent’s Hospital, 
aaas attending surgeon to that institution 
from 1905-26 and director of ganecologj 
from 1927-31 He aaas consulting gjnecolo- 
gist to the New York Hospital for Rup- 
tured and Crippled since 1921 and clinical 
professor of obstetrics at Neaa lork Uni- 
aersita from 1920-33 

Dr Ford aaas a Fclloaa of the American 
College of Surgeons, the American ^ledical 
Association and a member of the Neaa York 
Obstetrical Societa and the County and 
State Medical Societies 
Lvlly, Jordax 30-60 29 Street, Long Island 
Citj, Neaa York, born m Philadelphia, Penn- 
salaania, December 2, 1893, died m New 
York Cita', Noaember 26, 1938, graduated in 
medicine from the Uniaersitj of Vermont in 
1921 , elected a Resident Fellow of the 
Academy April 2, 1931 
Dr Lalla aaas n member of the American 
Medical Association, the American Public 
Health Association and the Counta and 
State Medical Societies 
SiiTEKrirLD, JIauRicE Joseph 29 Vest 74 
Street, New York Cita , born m Lubarsch, 
Gcrmana, March 17, 1877, died m Neaa York 
Citj December 1, 1938, graduated in medi- 
cine from Belleaue Plospital Medical Col- 
lege in 1898, elected a Felloaa of the Aca- 
dema Noaember 7, 1912 

Dr Sittenfield aaas at one time associate 
surgeon to the Jlount Sinai Hospital From 
1909-31 he aaas assistant professor of path- 
ologa' at the College of Phasicians and 
Surgeons 

Dr Sittenfield aaas a Felloaa of the Ameri- 
can Jledical Association, a Felloaa of the 
American College of Radiological and a 
member of the Radiology Societ} of North 
America, tlie American Radium Society, 
the American Association of Pathologists 
and Bacteriologists, the American Associa- 
tion for Cancer Research, the New' York 
Pathological Societa and the Counta and 
State Medical Societies 

Dr Sittenfeld was the author of many 
papers and articles on radiologa 
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THE SIGNIFICANCE OF THE ALBUMIN 
FRACTION OF SERUM 

Hatvey Lecture, Noveinbei 17, 1938 
A Ashley Weech 


P- 5 E 52 sess 5 HS?^rxjm ALBUMIN IS to be defined as that fraction of the pro- 
tein of serum which remains in soluuon after half satura- 
tion with ammomum sulphate or which is not salted out 
in a 2 1 5 per cent solution of sodium sulphate The frac- 
c>‘2SHSHSHSH5B5'fl tions which are removed by these procedures are globu- 
lins Serum albumm, so defined, possesses physiologic characteristics 
which are distmct from those of the globuhns It is important m main- 
taimng the volume of the blood and it is essential to the flow of flmd 
across the capillary wall These properties are mtunately concerned with 
the general phenomenon of the circulation of the blood, a circumstance 
which makes it pecuharly appropriate that they be discussed before the 
Harvey Society Moreover, the physiologic properues of serum albumin 
are of great importance in medicine for the amount of albumm which 
circulates m the plasma is easily depleted when health is disordered An 
understanding of this process of depletion, and its converse, replemsh- 
uient, IS essenual to correct appraisal of the significance of the albumm 
fraction of serum 

In selectmg material m a large field from which to prepare this eve- 
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rung’s lecture, I have perforce given preference to invesugations which 
have occupied the attention of workers in the laboratory which I repre- 
sent A few aspects only can be included of the important role of serum 
albumin m regulatmg the distribution of flmd beuveen capillaries and 
tissue spaces, this phase of the subject has been covered m a recent Har- 
vey Lecture by Eugene M Landis ^ Likewise, Cecil K Drinker- has 
brought before you some of the problems which require elucidation in 
connection with the occurrence of serum proteins m lymph and I shall 
not enter this field of controversy Since familiarity with ground to be 
covered will aid in orientation, I shall begm by presenting an outline 
Part I Effect of diet on serum albumin concentration 
a The process of depletion 
b The process of replenishment 
Part II Physiologic importance of serum albumin 
a Fluid distribution and edema 
b Absolute and relative permeability of capillaries 
c Resulauon of blood volume 
Part III Medical control of serum albumin deficiency 

a Injection of acacia, transfusions with serum and blood 
b Diet, quahtauve differences among food protems in pro- 
moting albumin synthesis 

Part I 

In 1929 Frisch, Mendel, and Peters® reported that young rats fed on 
diets composed chiefly of carrots developed deficits in serum protein 
The diet was deficient in protein, but otherwise adequate In 1931 Shel- 
burne and Egloff^ described the development of hjqioproteinemia in a 
dog during mamtenance on a low protein diet These obsenmtions have 
been used in the laboratory of the Babies Hospital to provide a method®' ® 
for depleting the serum albumin Our stoty can be opened by observing 
the method 

Dogs are maintained on a low protein diet, the composition of which 
IS indicated in Table I The quantities listed are the amounts given to each 
dog per day Animals subsistmg on the diet have always exhibited a nega- 
tive balance of mtrogen Metabolism obsen^ations indicate an average 
dady loss of mtrogen of i 1 5 gm The biological effects of subsistence on 
the diet appear to be referable to deficiency of protein alone "When the 
diet IS supplemented with casein it has proved adequate for maintenance 



Albumin Fraction of Senim 


65 


of health The addinon of extra amounts of various vitamins" has not 
altered the course of experiments 


Tamx I 

COMPOSITIOX OF LOW PROTEIX DIET 


Carrots 

qrams 

300 

Rice 

35 

Lard 

40 

Cod liier oil 

10 

Sugar 

115 

Salt mixture 

5 

Water, sufficient to make 

900 

Furnishes 1200 calories, I 23 gm 

nitrogen 



Chart 1 — Concentration of albumin and total protem in the serum 
during maintenance on the low protein diet. From the Journal of 
Experimental Medicine « 

7 


Chart I shows the results of 150 determinations of the albumin and 
total protein of serum in twenty-one dogs during maintenance on the 
diet The downward trend of albumin and total protem v ith continuance 
of the diet is pictured clearly In Chart 2 the trends are shov n by average 
lines and the course of the globuhn fraction is depicted The average 
concentration of globulm remains smgularly constant, it follov s that the 
fall in total protein is brought about entirely by depletion of the albumin 
fraction 
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NUMBER OF ANIMALS 



Cliart 2— -The average trends of albumin, globulin, and total 
protein during mintenance on the lo^\ protein diet The dotted 
lines abo\e and below the unbioken lines for albumin and total 
protein arc placed at a distance of one standard de\ntion from 
the a\ erage i alues From the Journal of Lrpcnmcnial Mcchcinc <> 


There are nvo additional points concerning the depletion of albumin 
The first can be seen from the chart, namely, that the rate of dechne is 
more rapid durmg the imtial days or few weeks of maintenance on tlie 
diet than subsequently On the average it requires eleven weeks to double 
the fall in concentration which develops in three weeks The slowing in 
the rate of decline with the passage of time has been shown m metabolism 
studies to be associated with a progressive dimmution in the nitrogen lost 
by the body There is thus portrayed an adaptive ability of the body in 
adjusting its metabolic processes so as to spare protein A similar adaptive 
abihty has been described m humans® during subsistence on low protein 
diets and the process has been shown to be associated with a fall in the 
basal output of energ}^ 

A second and curious fact concerning the depletion of albumin is that 
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the rate of fall is independent or almost mdependent of the amount of 
energy consumed m the diet One might well have expected that a high 
intake of calories in the form of carbohydrate and fat would not only 
protect the body mtrogen but also slow to a minimum the depletion of 
protein in the serum This does not appear to be the case We have not 
been able to discern that the dechne is more rapid durmg fastmg than 
when the energy mtake is hberal Among eighty-three animals m which 
the daily dietary calories varied from fifty to eighty-seven per kilo of 
weight, the coefficient of correlation between energy mtake and per- 
centage albumm depletion after three weeks was only o 1 1, a degree of 
association entirely devoid of statistical significance 

We have now seen that the simple procedure of mamtammg a dog 
on a low protem diet not only allows the production of serum albumm 
deficits m a laboratory animal and thereby affords the means for obsen^a- 
tion of the consequences but also that some features which characterize 
the process of depletion can be made out It will be mstructive to watch 
the process m reverse so as to learn somethmg of the nature of re- 
generation 

In the first group of experiments^ moderate albumm depletion was 
obtamed by admmistermg the low protem diet to four dogs for a period 
of three weeks, the diet was then supplemented by the addition of beef 
so that each animal would receive eighty calories and 5 gm protem per 
kilo The degree of albumm depletion can be seen m Table 11 by com- 
paring the inmal levels m the first column with the levels m the second 
column which represent analyses at the end of the depletion period Sub- 
sequent daily levels when the diet was supplemented with beef are shovm 
m the remainmcr columns The result was the same m each of the four 
experiments, it can be visualized best by a graph. Chart 3, showing the 
average course of regenerauon The course can be described with close 
approximation by a straight Ime In two of the four experiments the re- 
generation was followed until the albumm had attained its previous level 
of health V^hthm the limits of experimental error there v as no break m 
the straight line path of albumm concentration until this level vas 
reached Thereafter, no further regenerauon occurred These experi- 
ments are mformauve because they dispose of an idea vhich has been 
expressed or implied m recent literature, namely, that the strength of the 
sumulus for regenerauon of albumm is proporuonal to the degree of al- 
bumm dcpieuon Apparendy the sumulus is constant so long as any de- 
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Results of duly determinations of serum albumin concentiution dining regeneration on i diet which furnished 
5 grams of protein per kilo Ihe added protein was in the form of beef muscle (chuck) Ihe figures refer 
to grams per 100 cc serum From the Bulletin of the Johns Hopkins Hosintal n 
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Chart 3 — From the Bulletin of the Johns Hopkins Hospital n 


pleaon exists When the intake of food is constant, a fixed amount of the 
diet will be utilized each day for fabrication of albumin The experiments 
are further mformative because the result can be contrasted with the type 
of regeneration which occurs under other condiuons, conditions m which 
we mcline to the opimon that the body mechanism responsible for syn- 
thesizing albumin has been impaured From this pomt of view the straight 
Ime regeneration curve can be regarded as exemplary of the t^’pe of re- 
generation to be expected when the mechamsm for forming albumm is 
normal 

Withm recent years the accumulauon of climcal evidence has shown 
that chrome depletion of the serum albumin is apt to be associated with 
disease of the liver In 1932 Tliompson, Ziegler, and AIcQuarrie^- re- 
ported a case of hypo-albuminemia and chronic edema in a girl, aged two 
and one-half years, w^ho failed to exhibit a rise in serum albumin or alle- 
viation from edema w'hen given a diet upon w hich the nitrogen balance 
was positive Since there w^as no loss of albumm in the urine to explain 
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Chart 4 — ^Thc regeneration of serum albumin m a dog debilitated 
bv prolonged subsistence on the low protein diet Before deple- 
tion the albumin concentration i\ ns 3 9 gm per cent The loii est 
lc\ el M as 1 4 gm per cent on the eight\ -fifth dn^ After thirtv- 
eight dai s of adequate feeding it had risen to 2 9 gm per cent 
From the Journal of Experimental Medicine ^ 

the serum deficit, the authors suspected a defect in the body m the 
process of manufacturmg serum protein In a later communication,^® 
1936, after the patient had come to autopsy, it was reported that she had 
suffered from primary atrophy of the hver In 1933 ^ similar case was 
described by Myers and Taylor, m this patient liver injury was sug- 
gested by the results of tests of liver function In 1935 Myers and 
Keefer^® discussed the relationship between depleted serum protein and 
cirrhosis of the hver, they explamed the low serum protein as being the 
result of alteration in the function of the liver The writer^® has cited 
the case of an infant in whom low serum albumin and edema were ap- 
parently caused by syphilis which involved the liver extensively Such 
circumstances make it relevant to inquire concerning the status of this 
function of the liver m other types of hypo-albuminemia, namely, in the 
types found m nephrosis and m chronic malnutrition 

That the mechanism for forming albumin may be impaired by pro- 
longed malnutrition is suggested by several of our experiments with 
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dogs'^’“ "Wl-ien the time of maintenance on the low protem diet is 
lengthened to cover a period of several months, health and vitahty are 
affected markedly, and replemshment of the albumin deficit is some- 
times a protracted and difficult process This state of affairs is illustrated 
by the experiment outlmed in Chart 4 With this animal after eighty- 
five days on the low protein diet the albumin had fallen from 3 9 to 
I 4 gm per cent, the appetite had failed, vitahty was low, and it seemed 
that hfe could not continue for more than a few days From this time on 
an adequate and varied diet was offered daily, because of anorexia small 
amounts only were eaten at first and life was sustained by gavages of 
milk A detailed record was not kept of the amount of food consumed 
daily but it is clear that the mtake of both protein and energ}'' increased 
slowly as strength and health returned The behavior of the serum al- 
bumm concerns us here Durmg the first week the nse m concentration 
was rapid from r 4 to 2 3 gm per cent, during the next two v eeks the 
rise to 2 7 gm per cent was much slower, after three more weeks a 
level of only 2 9 gm per cent had been attamed Thereafter, the gams 
contmued but were extremely slow After six months a level of 4 o gm 
per cent had been reached which was slightly aboi e the previous con- 
centration of health With this ammal, after an mitial rapid response to 
food, subsequent albumin regeneraaon was slow and apparently mde- 
pendent of the quantity of food consumed The form of the regenera- 
tion curve IS impressively different from the straight hne found m ani- 
mals after short periods of depletion when health and vitalit)^ are not 
obviously impaired The slow approach to normal suggests that re- 
plenishment IS bemg delayed pen din g restoration to normal of the organ 
concerned m the synthesis of albumin 

If one accepts for the moment the possibilit}' that h\ er m)urv was 
responsible for the delayed replenishment of albumin m this experiment. 
It IS important to note that the injury was one which did not affect the 
early rate of synthesis but rather that it fixed at a subnormal value the 
level vhich could be reached This obsen’’ation may have considerable 
clinical sigmficance The constant low levels of albumin in patients v ith 
cirrhosis of the liver are similar, in such cases the imnal response to an 
improvement m the diet is often meager, and complete recovery does not 
take place because the liver damage is permanent In manr cases of nutri- 
tional edema m humans, there is found upon insutunon of adequate 
feeding the same imtiaUy rapid and subsequentiv slov regeneration of 
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albumin as in our experiments with dogs Such regeneration curves sug- 
gest that the synthesis of albumin may be impaired in man as in the doo- 
by prolonged malnutrition In the form of Bright’s disease called “neph- 
rosis,” It has been customary to regard the extremely low levels of albu- 
min in the serum as due entirely to loss of albumin in the urine That 
defective synthesis of albumin may also play a part in maintaming the 
depletion is suggested by the constant nature of the albumin level in the 
serum in some patients over long periods when protein intake and degree 
of albuminuria are varjnng widely In one of the cases reported by 
Keutmann and Bassett,^' observ^ations are recorded over a period of 
seven months during which the patient always received an adequate 
caloric intake However, the diet was changed from time to time to in- 
clude a number of food proteins at levels mIucIi varied from 68 to i8o 
grams per day To a certain extent increases in dietary protein were as- 
sociated with greater loss of protein in the urine, nevertheless, the higher 
intakes also produced significantly greater storage of nitrogen in the 
body Under the circumstances it is noteworthy that during the entire 
seven months the concentration of protein in the serum remained almost 
constant at a level near 3 9 gm per cent Such constancy of serum pro- 
tein concentration is difficult to understand m terms of defective kidney 
function alone However, it is not difficult to explain if one admits the 
possibility of defective albumin synthesis of a type similar to that ob- 
sen^ed in our experiments tvith dogs 

In summary of Part I of this presentation The administration of a 
low protein diet to a dog results in a progressive decrease in the con- 
centration of albumin in the serum, the decline is at first rapid, later 
more gradual A return to adequate feeding is followed by regeneration 
of the albumin When the period of depletion has been short and the 
vitality of the animal is not impaured, the regeneration is rapid and on a 
constant diet follows a path of equal daily increments until the concen- 
tration of health has been regained After long and debilitating periods 
of depletion, the regeneration, although initially rapid, is subsequendy 
retarded and approaches the concentration of health very slowly It has 
been suggested that the delayed type of regeneration may result from 
injury of the mechanism concerned in synthesizing albumin, a me- 
chanism presumably located in the liver Finally, data have been pre- 
sented which intimate the existence of similar phenomena in several 
types of disease in humans 
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Part II 

Your attention must now be turned to the importance in physiology 
of the albumin fraction of serum I have already stated that it is not 
necessary to discuss fully the role of albumin m the control of fluid 
distribution at the capillary boundary since a number of aspects of this 
subject were covered in a previous Han'^ey Lecture We may, however, 
record with pride that a New York physician, Epstein,^® was the first 
to suggest that hypoproteinemia is the direct cause of edema in nephrosis 
and, we should fad to give honor where honor is due if we did not 
mention the great physiologist. Starling,^® who first perceived the im- 
portance of the osmotic pressure of the protein of serum in preventing 
the passage of the fluids of plasma across the wall of the capillary into 
the tissues It is mteresting, however, that general acceptance of the 
postulates of Starling did not occur until Leiter,^® 1928, and Barker and 
Kirk,-^ 1930, demonstrated that edema could be produced in otherwise 
healthy dogs by plasmapheresis, a mechamcal method for removmg 
plasma protem rapidly from the circulation 

That a correlation exists between the level of serum albumin and 
certain types of edema is now firmly established With nephritic patients 
iMoore and Van Slyke^^ found that an albumin concentration below 2 5 
— 02 gm per cent was usually associated with edema In malnutrition 
Bruckman and Peters^^ reported that edema almost always develops \vhen 
the albumin falls below 3 per cent In a study of nutritional edema m 
China, dropsy was not obser\'ed when the albumin was greater than 
3 o per cent and was generally present when the level was less than 2 5 
per cent The relationship between albumin and edema in the experi- 
mental edema of dogs^’ is shown in Chart 5 The black dots represent 
analyses of plasma made when edema was present and the open circles 
refer to estimations before edema had developed or in a few instances 
after it had disappeared Edema rarely appeared before the albumin was 
below 2 per cent, it was more often present than absent n^hen the al- 
bumin was between i and 2 per cent, belov i per cent edema was 
always present Between globulin and edema no correlation can be dis- 
cerned and the slight correlation in the total protein column obviously 
results from the albumin component 

The effectiveness of serum albumin in preienting edema depends 
upon Its osmotic pressure This pressure is exerted across the v all of the 
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Chart 5 — Tlic relation between plasma protein coneentra- 
tion and edema in dogs Open eircles mdicate estimations 
when no edema was present, block circles refer to deter- 
minations wlien edema was present, aertical lines in the 
middle of each column indicate the range of normal varia- 
tion From the Journal of Clinical Investigation s 


captUaiy because the capillar}r membrane is relatively impermeable to 
plasma protein while at the same time it is freely permeable to water, 
electrolytes, and other dissolved substances of low molecular weight 
Under conditions where the capillar)’’ wall is damaged, the impermea- 
bility IS destroyed and the edema which results represents simply the 
passage of plasma mto the tissue spaces Such forms of edema result from 
allergy and from inflammation They need not concern us here We must, 
however, be mterested m the extent to which this protein traverses the 
wall of the capillary when there is no gross injur)’’, that is, m defining as 
accurately as possible what we have called “relative impermeability” 
The available evidence is drav’n from determmations of total protein m 
lymph^° and m edema fluid In view of Cecil Drinker’s lecture" before 
this Society less than a year ago, I shall not discuss the subject of protein 
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Chart &— The relationship between the albumin globulin 
ratios of concurrent!} collected samples of serum and 
transudate A logarithmic scale has been used to avoid 
crowding of the data in the loner left-hand corner of chart 


in lymph Much informaaon concermng the protem in edema fluid has 
been assembled by Peters In nephrosis the fluid contams very httle 
protein, usually less than o i gm per cent, m edema from myocardial 
failure the fluid contams more, generally from o 5 to 2 o gm per cent 
With nutriaonal edema m man, data assembled in our laboratory^® mdi- 
cate that the protem content of subcutaneous edema fluid varies from 
o 1 to o 6 gm per cent With experimental edema m dogs our experience 
IS more extensive,"® thirty samples from fourteen dogs have been exam- 
ined The range of protem concentrauon was from o 02 to o 72 gm per 
cent, the average level Avas o 23 gm per cent and the median level was 
o 17 gm per cent 

The data just cited are of great value m tracing the behavior of total 
protem m plasma as it flovs through the capillaries, they do not help 
specifically m following the course of the albumin fraction It has been 
suggested that albumin because of its smaller molecular size may diffuse 
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Chart 7 


through the capillaries more freely than globulm and that the bulk of 
protein m edema fluid may be albumin Because the osmotic pressure of 
albumin is much greater than that of globulin, it is desirable to have posi- 
tive knowledge concerning the relative amounts of albumin and globulm 
in edema fluid Information on this point has been supplied by Goettsch 
who m association with KendalP developed a method for fractionating 
the serum proteins accurately in fluid samples of low protein content 
The method is an outgrovTh of fundamental Mmrk of Heidelberger and 
KendalP® and depends upon the precipitin reaction which appears when 
such fluids are brought mto contact with specific rabbit antisera Twelve 
samples of subcutaneous edema fluid and forty-eight samples of lymph 
from the extremities were obtained from normal and edematous dogs 
for this study, serum collected concurrently was also analyzed Chart 6, 
prepared from these analyses, shows that the albumin globulm ratio 
of a transudate is related closely to the albumin globulm ratio of its 
corresponding serum The concept is strongly supported that the al- 
bumin and globulin of lymph and edema fluid originate by filtration 
from the plasma Incidentally it is shown that lymph and edema fluid 
are similar m this respect In Chart 7 we have calculated for each transu- 
date what may be called a “permeability index” and the indices have 
been arranged in the form of a frequency polygon The index is secured 
when the A G ratio of the transudate is divided by the A G ratio of 
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the serum When the permeability of the capillary is the same for albu- 
rmn as it is for globulin, the mdex will have a value of one As the index 
rises above unity a correspondingly greater differential permeabihty in 
favor of the smaller albumin molecule is mdicated The chart shows es- 
sentially a normal type of distribution for these permeability indices 
The mode lies between i 30 and i 45, the average mdex is i 35 The 
result tells us that albumin does traverse the capillary more readily than 
globulin but the difference is not extreme, if the ratio of albumin to 
globulin in serum is known the ratio in the transudate can be estimated 
by multiplymg by i 3 5 The chart shows three instances out of SLXty in 
which the permeability index was less than one I shall not attempt to 
explain these values other than to state that the figures were close to 
unity and that the shghtly lower results may be merely an expression of 
analytical difficulties They scarcely constitute grounds for believing 
that protein crosses the capillary wall by any other process than that of 
simple filtration 

Data of a similar nature for humans with edema are still meager In 
seven cases where satisfactory analysis was possible the permeabihty 
indices ranged from 1 24 to 2 29 and averaged i 55 There is little to 
suggest that in this respect the capillaries of the human do not behave 
lilce those of the dog The reason why a larger number of analyses in the 
human is not available is part of another story which because of its im- 
portance can be touched on here At the Babies Hospital most of the 
patients from whom adequate samples of edema fluid can be secured 
are children with nephrosis It was while attempting to analyze samples 
from such patients that Dr Goettsch^^ Avas led to discover that not only 
IS the serum protein depleted in nephrosis but also that a part of the 
remaining protein is altered in a way which can be detected by the 
precipitin technic This fact must become important in our ultimate un- 
derstanding of the pathogenesis of nephrosis 

In addition to the data in Chart 7, three permeabihty indices have 
been determined for dog ascitic fluid The values are i 82, i 98, and 2 18, 
all appreciably higher than the modal mdex for subcutaneous edema 
fluid and lymph It will be recalled that fluid vhich lea\es the blood 
to enter the subcutaneous tissue spaces must pass only one filtering layer 
of capillary endothelium, that which enters the abdominal ca\ir\* must 
in addition traverse the peritoneum This fact may account for the higher 
indices recorded for ascioc fluid If w c suppose that capillan' and pen- 
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toneum exert the same differential effect on filtration, a permeability 
index of i 82 can be calculated for the two surfaces combined The 
average of the three determined indices is 1 99 

I must now request a shift in the direction of your attention in 
order that we may consider another property of serum albumin, namely, 
that property which concerns its role in mamtaimng the volume of the 
blood Not so many years ago the low concentranon of protein m the 
serum of patients vnth nephrosis was interpreted to mean that both 
blood and tissues shared in the accumulation of edema, there was much 
talk of so-called “hydremic plethora” Probably Darrow,®- 1926, was 
the first to record actual measurements which led to the conclusion that 
blood volume and plasma volume are below normal during the edematous 
stage of this disease In view of contemporaneous vmrk it is of interest 
that Darrow v as able to reach his conclusion not on the basis of single 
measurements during the edematous phase but because volumes during 
edema and sometime after the disappearance of edema were compared 
Other investigators^^ who studied the problem during this period, al- 
though able to dispose of the older concept of hydremic plethora, did 
not perceive the actual lowering in blood and plasma volumes The 
findings of Darrow in nephrosis were later corroborated by Waterfield 
In 1932 Chang^'' in China in studying patients with nutritional edema 
found a close parallelism benveen blood volume and plasma protein 
About the same time Lepore^'’ made observations on dogs in the anemia 
colony of Whipple in Rochester, he found that the volume of the 
plasma varied consistently with changes in the concentration of albumin 
m the serum Later, 1936, Melnick and CowgilP’ reported that the 
parallelism between change in plasma volume and change in serum pro- 
tein could be disturbed by significant alteration in the volume of red 
cells You will see that we had been led to a similar conclusion 

Chart 8 shows the average volume findings in ten of our dogs during 
maintenance on the low protein diet Along with the decline in albumin 
which has already been described there is seen here to be a progressive 
fall in the total volume of the blood The decline in red cell volume is 
likewise continuous but the plasma volume decreases for from twenty to 
thirty days only and thereafter remains at an approximately constant 
level The failure of plasma volume to continue to fall does not mean 
that at this stage it is no longer sensitive to change in albumin concentra- 
tion In other experiments we have shown that at any degree of albumm 
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CInrt 8 — CInnges in blood \olutnc, plasma solume, 
and red cell volume during maintenance on the low 
protein diet Trom the Journal of Clinical fnz’eiti- 
r/alion 


depletion there will be an immediate rise in plasma volume if the albumin 

concentration is raised by transfusion either with serum or with solutions 

of serum albumin "We can imagine, however, that the conunuous fall 

in blood volume which results from diminishincr red cells has brought 

o o 

into play an opposing force strong enough to resist the effect of de- 
creasing albumin concentration on plasma volume 

The fact that change in albumin concentration exerts an effect on 
the \ olume of the plasma assumes considerable importance w hen condi- 
tions arc such that albumin is either rising or falling and it is desired to 
draw conclusions concerning some circulating substance from serial 
meisurcmcnts of its concentration in blood In Chart S it is seen that 
for some days the rate of decline is more rapid for plasma a olume than 




8o 


THE BULLETIN 



Charts — Variations in per cent cell \olume, hemoglobin concentration, 
and number of crjlhrocj^es during maintenance on the low protein 
diet From the Journal of CUntcal Investigation *8 


for cell volume During this period then the concentration of red cells 
must rise even though the total quantity is falling This paradox is 
brought out in Chart 9 which presents the usual type of hemoglobin, 
erythrocyte, and hematocrit measurements in four dogs during mainte- 
nance on the deficient diet If such measurements only were available one 
might be led to the curious and mcorrect conclusion that ingestion of 
a deficient diet has a temporarily beneficial effect on hemoglobin and 
erythrocytes I may add that examples of the fallacy of such reasoning 
are easily found in the clinical records of patients for even as illness 
and anorexia tend to go hand m hand so also does failure of appetite 
associate itself with a fall in serum albumin 

Part III 

The physician who investigates disease need feel no shame if his 
labor brings understanding even though there be no relief for his patient 
Nevertheless, he must ultimately be impelled by at- least a desire to 
strengthen the armaments of therapy W ith this thought in mmd I shall 
now turn to a consideration of measures which are bemg devised to re- 
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Iieve the symptoms of albumin depletion Of such symptoms the most 
conspicuous IS dropsy It is therefore fitting that we should considci 
first the attempts to remove edema by injectmg into the circulation either 
albumin, as contained in serum or blood, or a substitute for albumin, 
like gum acacia As a preliminary caution, however, we should be re- 
minded that the phenomenon of diuresis is complicated and that it de- 
pends more directly upon renal activity than upon any particular dis- 
tribution of fluid between circulation and tissues A complete explana- 
tion of the initiation of diuresis is therefore not given when we say that 
this or that procedure has raised the coUoid osmotic pressure of the 
blood Indeed, we are forced to this conclusion by the observ'^ation that 
diuresis with elimination of edema occurs not infrequently when no 
evidence can be found that the osmotic pressure of the protein in the cir- 
culation has been altered In such cases slight rises in albumm concentra- 
tion in the plasma are often better interpreted as signs of blood con- 
centration resulting from the diuresis than as the cause of its inception 
In this connection I should hke you to entertain a thought concerning 
the possible sequence of events when transfusions with serum, with 
blood, or with acacia are successful in initiating a diuresis Experience 
indicates that these procedures, even when successful, usually produce 
slight and sometimes negligible effects on osmotic pressure The evidence 
IS strong, however, for an abrupt rise in plasma volume It may well be 
that the rise in plasma volume is associated with an increase in renal 
blood flow and that the latter is responsible for stimulating kidney ac- 
tivity In any case the possibility that some such sequence of events is in- 
volved Avill help in our understanding of observ’^ations that have been 
midc in the clinic and in the laboratory 

Transfusions with blood to replenish the serum albumm have been 
attempted in many places I know of no tabulation m hich permits ap- 
praisal of the efficacy of the procedure Reports ha\ e appeared of cases m 
which the measure was successful in imtiatingr diuresis but failure to ob- 
tain such action is a more common experience Transfusions m ith serum 
alone have undoubtedly been used from time to time even as m e at the 
Babies Hospital have occasionally turned to this procedure Reports in- 
dicating conspicuous success ha\c not appeared Probably because the 
method involves the labor of handling large \ olumes of blood and be- 
cause in many instances the blood must be purchased the attention of 
in\ estigators has been directed along other lines 
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In 1932 Hartmann and Ins colleagues^'’ in St Louis suggested the 
use of acacia as a substitute for serum albumin in raising the osmotic 
pressure of plasma By injecting this gum in large amounts intravenously 
Hartmann was successful in initiating diuresis in five out of six patients 
noth nephrosis Our onm experience Avith this procedure has not been 
so reivarding, because severe constitutional reactions were encountered 
m the first few patients, we have not encouraged its use Moreover, it 
has been reported^® that much of the injected acacia is ultimately de- 
posited in organs throughout the body, particularly in the liver, and 
Dick and his associates'*^ have observed clinically that the continued use 
of acacia depresses sail further the already depleted serum protein and 
IS associated with an enlarged tender liver Under such circumstances 
It IS probably fair to assume that the procedure will not become popular 
even though its occasional use may be justified 

During the past summer a report has appeared of a more promising 
method of combatting serum albumin deficiency Aldrich, Stokes, and 
other associates’" have described a diuretic effect in nephrosis from in- 
jections of concentrated human blood serum The serum used had been 
pieserved in dried form by the lyophile process and was injected after 
redissolvmg so as to yield fourfold or fivefold concentration In six of 
nine patients treatment w^as follow^ed by complete and immediate diu- 
resis The authors did not feel, and indeed their analyses scarcely indi- 
cate, that the favorable results wmrc due entirely to the osmotic action 
of the lyophile serum They suggested that in addition some substance 
had been supplied wdiich set off the patients’ owm mechanism of diuresis 
Systemic reactions to the serum wmre usually mild but in tw o instances 
chills and high fever w'^ere seen Dr Lyttle has had some experience w ith 
this procedure at the Babies Hospital Four children with nephiosis have 
been treated and in nvo of these the more severe type of reaction wuth 
chills and fever w'^as noted In only one case w^as saasfactory diuresis 
elicited W e w^ere likewase led to conclude that the effect could not be 
ascribed to elevation of serum albumin concentration, but a sharp fall 
in the hematocrit reading following each injection suggested that the 
procedure did increase the plasma volume 

Because this form of treatment is destined to receive extensn e trial 


in the near future it may be helpful to review'^ one of a series of experi- 
ments performed several years ago'*® in xvhich nutritional edema in the 
dog was treated by a similar method Dog 2-07, Chart 10, had received 
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DAY OF EXPERIMENT 



Ciiart 10 — Tlie effect of transfusion on serum proteins and edema 
in nutritional edema in a dog 


the low protein diet for fifty-eight days before treatment by transfusion 
was tried The serum albumin had declined to less than i per cent and 
ascites had developed At this point the ammal was given intravenously 
38 cc of a 25 4 per cent solution of dog serum albumin Before injection 
the plasma volume was measured and the total albumin m the circula- 
tion estimated to be 6 3 gm The amount of albumin injected was 9 7 
gm The reaction was mild but similar in type to that observed in other 
dogs which have exhibited chills, diarrhea, and rapid irregular pulse of 
low volume The subsequent clinical effect of diuresis \vhich continued 
for three days was most encouraging The changes m serum protein 
concentration are shown on the chart, a rise in albumin of only o 5 gm 
per cent and a fall in globulin great enough to produce an actual low er- 
ing m total protein These changes w ere associated w ith a sharp fall in 
the hematocrit reading Separate calculations based both upon the fall 
in hematocrit and upon the alteration in albumin indicate that the trans- 
fusion w^as followed by an abrupt increase in plasma \olume from 630 
to about i,oSo cc AVe suspect that the reaction of shock may depend 
upon the sudden demand on cardiac rcscr\ e consequent upon such in- 
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creases in blood volume The change m protein concentration in the 
serum is scarcely an adequate explanation for the degree of diuresis 
vhich ensued Some light may be shed on this point by subsequent 
events After the three-day diuresis the body weight again rose as edema 
reaccumulated On the sL\t)^-fifth day a second transfusion was given 
vith 290 cc of erythrocytes v Inch had been washed in saline to remove 
the plasma This time there was no untow ard reaction and no demon- 
strable change in the serum proteins Nevertheless, diuresis ivhich lasted 
for four days w as again instituted The large volume of transfused red 
cells must have increased the total blood volume and this curcumstance 
may have stimulated the kidney to diuresis 

If any conclusion is to be drawn from experiments of this type, it 
IS that red cells and serum may both have some value m treatment 
Transfusions with serum are invariably followed by a fall in relative 
cell volume and it w ould seem the part of wisdom to admmister enough 
■whole blood to prevent the fall If it is true that untoward reactions 
may result from sudden increase in plasma volume, small and frequendy 
repeated, rather than large, transfusions are indicated 

The futility of attempting to transfuse enough serum to replenish 
entirely the deficits in disease has been impressed on all w'ho have tried 
the procedure Albumin depletion is invariably a sign that the stores of 
nitrogen in many tissues are likewuse depleted and it may be impossible 
to prevent an exchange of protein betw een circulation and other tissues 
when large volumes of serum are injected Whipple and his associates'*^ 
have already indicated the possibility of such an exchange by demon- 
strating in the dog that the protein requirement of the entire body can 
be met by massive transfusions of plasma The only practical w’^ay in the 
clinic of meeting the full demand of the body for protein is through 
the diet 

From time to time and in different places the idea has evolved that 
some dietary proteins may be more efficient than others in supplying 
the needs of the plasma There is opportunity merely to mention the con- 
vincing and provocative xvork of Whipple^® xvho wuth his associates 
has utilized the technic of plasmapheresis to show'- that qualitative differ- 
ences exist among different foods xvith respect to their utilization in 
forming serum protein The remaining portion of this lecture must be 
devoted to experiments having a similar purpose now’- under w'-ay in our 
ow'n laboratory These experiments have as them ultimate goal the 
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classification of the more important food proteins ith respect to their 
abdity to promote the formation of serum albumin 

The method which is being used to assay the food proteins is simple 
A healthy dog is selected and placed under daily obsen^ation for six days 
on a standard diet of adequate protein content The standard diet is a 
mixture of 900 grams of our basal low protein ration m ith 90 grams of 
casein The concentration of albumin in the serum is then measured, 
the casein is removed from the diet and the period of depleaon of the 
serum albumin is be^un After three weeks the serum albumm is asrain 
determined and the period of regeneration started on a diet composed 
of a mixture of the basal diet and the food protein to be tested The 
mixture is fed at an energy level of eighty calories per kdo and at a 
protein level of 2 5 grams per kilo After one week on this diet the 
final measurement of serum albumin concentration is made 

The initial albumin analysis is a control determination only, the re- 
sult has no direct part in evaluating the assay The difference between 
the third and the second analyses gives the rise in serum albumin con- 
centration during the week when the test protein \\ as fed In twenty- 
three control experiments in which the basal low protein diet was acni- 
ally fed longer than three weeks, the average decline in albumin during 
the fourth week was o 15 gm per cent Since the test food should re- 
ceive credit for preventing this decline, the “assay value” is calculated as 
the rise in albumin concentration plus 015 When assay values are de- 
termined for the same food on a number of different animals, the range of 
biological variation among the results will be fairly wide It follov s that 
a series of assays must be made before an average value, called “the 
potency value,” can safely be assigned to any one protein 

Table III shov s the results of twelve assays of casein by this method 
The columns in the table show the albumin le\ els at the start of each 
experiment, the levels reached at the end of three weeks of low protein 
feeding, and the final levels attained after one v cek hen casein m as 
again incorporated in the diet In the next r\\ o columns the loss in con- 
centration during the period of depletion is compared Mith the subse- 
quent gam The assay \alucs arc obtained by adding the maintenance 
alloM ance, o 1 5, to the figures Inch represent gams m grams per cent 
The potency \ aluc or a\ crage of the assav t alues is o 3SS Although the 
majority of the assay \ alues are m fairly good agreement vith the 
potency \ aluc, I must direct your attention to the extreme ^ ariabihry m 
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Tabip hi 

ASSAYS OF CASEIN FOR ALBUMIN FORIMATION 


Dog 

Initial 

Scrum Albumin per 100 
Depletion Regeneration 

cc 

Lo^s 

Gain 

ASSAY 

VALUE 


gram 

gram 

gram 

gram 

gram 


B-12 

3 Si 

2 63 

2 55 

I IS 

-08 

0 07 

5-7 

3 61 

2 76 

2 79 

0 85 

0 03 

018 

5-31 

4 07 

3 04 

3 25 

1 03 

0 21 

0 36 

7-27 

3 40 

2 27 

2 51 

1 13 

0 24 

0 39 

6-35 

2 89 

1 90 

214 

0 99 

0 24 

0 39 

8-01. 

3 38 

2 52 

2 77 

0 86 

0 25 

0 40 

9-51 

3 46 

2 73 

2 99 

0 73 

0 26 

0 41 

7-28 

316 

2 40 

2 70 

0 76 

0 30 

0 45 

7-47 

344 . 

2 47 

2 78 

0 97 

0 31 

0 46 

3-0 

3 80 

291 

3 23 

0 69 

0 32 

0 47 

9-49 

4 60 

3 20 

3 54 

140 

0 34 

0 49 

3-36 

3 42 

2 66 

3 09 

0 76 

0 43 

0 58 


PO'lENC'l \ 

\ELE 0 388 ^ 0 027 (PE) 



1 roiii the BiiUcfin 

of the Johnt IIopktn< Jlo^pttal 



Dog 

ASSAYS OF 

Initial 

'lAlttL IV 

BEEF SERUM FOR ALBUMIN 

Scrum Albumin per 100 cc 
Depletion Regeneration Loii 

FORM VnON 

Gam 

ASSAY 

VALUE 


a ram 

qram 

gram 

a ram 

gram 


1-68'^ 

3 39 

2 01 

2 80 

0 78 

0 19 

0 42 

5-31 

414 

3 23 

3 66 

0 91 

0 43 

0 58 

3-0 

3 69 

281 

3 28 

0 86 

0 45 

0 60 

7-31 

3 58 

2 53 

3 02 

1 05 

0 49 

0 64 

9-51 

3 47 

2 59 

no 

0 88 

0 51 

0 66 

2-05* 

3 63 

2 29 

2 71 

1 34 

0 42 

0 74 

6-35 

3 26 

2 42 

311 

0 8-4 

0 69 

084 

9-52 

2 61 

1 45 

2 20 

1 16 

0 75 

0 90 

3-36 

3 72 

274 

3 63 

0 98 

0 89 

1 04 

1-69* 

102 

2 19 

2 88 

0 83 

0 69 

1 12 

1-55 

3 61 

2 39 

3 31 

1 22 

1 12 

1 27 


POJENC\ ^\Il^ OSOl :±; 0 051 (PE ) 


* In these experiments tlie repenci ition pctiod lasted for fne instead of seien da^s 
Calculation of the assa^ sallies is expl lined in the original publications From the 
Bulletin of flic John'' JPopAiiis Ilo'ipital F 


a few experiments, the extreme cases give a total range among the assay 
values from o 07 to o 58 This tendency for a few animals to diverge 
widely from average behavior constitutes the major difficulty encoun- 
tered in experiments of this type So far we have not learned how to 
overcome the difficulty except by performing a fairly large number of 
assays with each food 

Table IV shows the results unth the most potent food protein we 
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Iabie V 



Oelatin 

Casein 

Beef 

Liver 

Beef 

Chuck 

Egg 

White 

Beef 

Serum 

(11) 

0 801 

0 0001 

00001 

0 0003 

0 0007 

0 042 

Egg 

White 

(11) 

0 613 

0 0001 

0 0003 

0 0026 

0 0090 


Beef 

Cliuck 

(12) 

0 475 

0 0001 

0 098 

0 42 



Beef 

Luer 

(12) 

0 436 

0 0001 

0 38 




Casein 

(12) 

0 388 

0 0001 





Gelatin 

(4) 

-093 





» 


have tested so far, namely, beef serum Eleven assays have been per- 
formed Only the nvo lowest assay values overlap with the casern series 
The remaining values are higher than any recorded with casein The 
potency value for beef serum, o 801, is more than tv ice that for casein 
At the present time assays of si\ foods have been completed The 
values for the si\ foods arranged in order of potenev are given in the 
left-hand column of Table V Beef scrum is first, v ith a potency value 
of o 801 It IS significant that Whipple came to the same conclusion bv 
a wholly different method of assay There follow egg \\ hitc ( 1 1 assays) 
o 6 n, beef muscle (12 assays) o 47^, beef liver (12 assays), o 436, casein 
(12 assays), o 3S8, gelatin (4 assays),— o 093 In three of the four assays 
of gelatin, the albumin lc\ cl at the end of a v eek of fccdins; this protein 
V IS less than w ould hn c been expected if no protein at all had been fed 
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Gelatin therefore appears in the table with a negative value The re- 
maining columns of the table are given over to a statistical tabulaaon of 
the probability that the difference in potency value benveen any two 
of the foods is significanr When the tabulated value of the probability 
integral is less than o 05, a significant difference may be regarded as es- 
tablished Beef serum is clearly more potent than casein, beef liver, and 
beef muscle, the difference between beef serum and egg wlute is barely 
significant Egg white, however, is secure m second place There is no 
question concerning the absolute inferiority of gelatin However, a 
real difference between beef muscle, beef liver, and casein has not been 
shown 

The clinical usefulness of assays of this land remains to be demon- 
strated Because physicians have sometimes failed to obsen*e starding dis- 
tinctions among different food proteins in humans with nephrosis does 
not mean that qualitative differences such as we have shown to hold for 
the dog do not also apply in man The suggestion has already been 
made that in disease the replenishment of albumin may sometimes be 
delayed by injury of the organ concerned m synthesis Such mjur)’' 
when present will complicate greatly the interpretation of dietaty ex- 
periments on the ward 

In summary I have traced for you some of the features uhich 
characterize the behavior of the albumin fraction of serum, the manner 
in which It becomes depleted when dietary protem is madequate and 
the path of regeneration when adequate feeding is resumed I have dis- 
cussed the part in physiology served by albumin by virtue of the osmotic 
pressure udiich it exerts, namely, its function in protecnng the circula- 
tion as blood flo%vs through the capillaries so as to prevent edema and 
Its role in maintaining the volume of the blood And finally, I have de- 
scribed experiments which look toward the more intelligent manage- 
ment of patients who suffer from depleuon of serum albumin 

In conclusion The material from which this Han’^ey Lecture was 
composed was chosen to trace the course of research in a single experi- 
mental laboratory You have honored me in asking that I tell the re- 
sults of the work, and in turn it becomes my privilege to divide the 
honor with those who have gone with me noth Dr Elvira Goettsch 
who has been my associate for the past seven years, uath several techni- 
cians who have endured the tedium of thousands of Kjeldahl analyses. 
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with Boris Gagarin who with devotion has cared for my dogs, and 
finally with all of those friends and associates at the Medical Center 
who by conversation and suggestion have been responsible for crystal- 
lizing the ideas which have been expressed 
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GENERAL PATHOLOGY OF LYMPHOSARCOMA* 

James Ewing 



■■^HEN all forms of primary rumors of lymph nodes are 
combined, the total incidence of this group of diseases 


becomes quite formidable A search for statistical data 
brings to light the notable fact that there are no reliable 
jS data on this subject and also that in the present state of 
knowledge and the attitude of the medical public mind, there is no 
possibility of obtaining them The Umted States Census of 1934 reports 
1,512 deaths from pseudoleukemia and Hodgkin’s disease, and 3,403 
from the leukemias, while the majority of cases of fatal tumors of lymph 
nodes are classed under cancer of lymph nodes, from which it is impos- 
sible to determine how many were primary in the lymphatic sj^^stem It 
is well known that lymphatic diseases are more common in the Orient, 
and in Batavia, Java, the lymphosarcoma group ranks fourth on the hst 
of deaths from cancer From this state of affairs, one obtains support for 
the impression that lymphosarcoma, although a major medical problem, 
IS a badly neglected field of observation, and that until some efforts are 
made to bring order into this chaos, beginning with nomenclature, htde 
accurate information regarding the economic and social significance of 
this disease will be available All that v e knov is that lymphosarcoma is 
a relaavely common disease, nearl)'' always fatal, of quite obscure etiology 
and pathology, generally difficult of diagnosis, and little influenced by 
treatment All these facts were well known to Paltauf and Kundrat fifty 
years ago 

Etiological data being largely lackmg, we are still compelled to rely 
upon morphology for the classification of tumors of lymph nodes 
Applying this principle, three mam structural varieties of these uimors 
are clearly distinguishable lymphadenoma, lymphocytoma, and reticu- 
lum cell lymphosarcoma Each of these varieties is associated with rather 
typical clinical characters and each is doubtless referable to specific 
etiological factors as yet undetermined A simple scheme shows how 
specific structure goes unth peculiar clinical course 
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Ly 7 nphadenoma 

Multiple giant follicular lymphadenoma— Brill’s disease 
Gastrointestinal pseudoleulcemia 
Lymphocytoma 

Systemic pseudoleukemia 

Lymphocytic leukemia 

Malignant disseminating lymphocytoma 

Plasmacytoma 

Solitary lymphoma 

Keticulum Cell Lymphosarcotita Large round cell lymphosarcoma 
affecting many regions and organs 

The term lymphadenoma is appropriate because the lymph node is 
an organ and the lesion reproduces all the features of the organ in more 
or less orderly fashion but with varying grades of anaplasia and malig- 
nancy In lymphocytoma the cell affected is the lymphocyte, while 
reticulum cells are passive All grades of malignancy are observed It is 
surprising how tardy has been the recognition of the specific features of 
reticulum cell lymphosarcoma The most superficial comparison of the 
structure of a senes of lymphatic tumors reveals the sharp distinctions 
between the small cell lymphocytic and the large reticulum cell sarcomas 
The early observers including Paltauf did not attempt fine distinc- 
tions between the different tumors of lymph nodes, but they fully recog- 
nized the two mam varieties, small and large cell Thirt)" years ago I 
began to point out to students the histogenesis of the two types of 
tumors of lymph nodes, and in 1913 in an article on endothelioma of 
lymph nodes, I discussed this subject in detail, supposing that it v as so 
Mudely recognized among pathologists as to require little emphasis Yet 
It was not until 1932 that an article by Roulet, proposing the term of 
reticulum cell lymphosarcoma, brought this term into general use 
Ringcrtz of Stockholm has recently reviewed this histoty in detail 
A sketch of the mam features of characteristic cases of the three \ ari- 
etics of lymphatic tumors may scr\ e to emphasize their specific nature 
hy 7)1 ph adenoma Multiple giant follicular lymphadenoma is a sys- 
temic disease, usually v idcly generalized v hen first obsen'ed, affecting 
many or all groups of lymph nodes and the spleen associated v ith rather 
moderate anemia, v eakness occasional mild pyrexia, running a progres- 
si\ c course, fa\ orably affected by radiation but recurring v ith increas- 
ing sc\ erity and generally pro\ ing fatal in fi\ e to ten years The rumors 
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are not large and there is a limited scope of malignancy, but certain cases 
develop somewhat aggressive tendencies toward the terminal periods 
Etiological factors are practically unknown The structure shows a 
remarkable predominance and persistence of large, well-formed lymph 
folhcles, with hyperplastic germ centers, with e\cess of lymphocytes of 
mainly normal type In a feu cases more diffuse growth may appear and 
the structure of diffuse lymphosarcoma may be produced 

Gastrointestinal pseudoleukemia is a term designating a very pecuhar 
systemic disease affecting at times the entire gastrointestinal tract, pro- 
ducing myriads of small lymphomas in the mucosa from mouth to anus, 
without ulceration, and extending to many chains of lymph nodes and 
spleen, running a steadily progressive and rather active course with some 
fever, anemia, diarrhea, emaciation, peritonitis, and death within a few 
years or few months The structure shov s a remarkable tendency to be 
limited to the growth of manv rather well-formed lymph folhcles com- 
posed of normal or large lymphocytes and fev reticulum cells, but 
lacking the diffuse grouTh of a malignant tumor or the ordinary type of 
systemic pseudoleukemia Etiological factors are entirely unknown I 
see nothing gained by merging these specific clinical entities with the 
general group of lymphosarcoma or pseudoleukemia, while the structural 
features are accurately indicated by the term lymphadenoma 

Lyinphocytoma covers a wide field of clinical conditions and an 
equally varied morphology, determined mainly by the grade of malig- 
nancy and doubtless by the still undetermined eDolog\'' of most of its 
forms At one end of the senes stands the simple solitary lymphoma, a 
benign tumor composed of a diffuse groMTh of lymphocytes, occurring 
in many organs, often reacliing a large size, and not recurring after 
operation or radiation The average case of systemic chronic pseudo- 
leukemia presents the structure of simple diffuse lymphocytoma In 
many such cases a tuberculous etiology is well established Lymphatic 
leukemia belongs in this group of lesions The malignant forms of 
lymphocytoma present features which distinguish them from other types 
of lymphosarcoma, particularly from the reticulum cell sarcomas 
Billroth’s malignant lymphoma was the classic example of the older 
writers This disease begins as a localized tumor of one node or chain, 
rapidly progressmg, fusing the nodes, infiltrating the surrounding tissues 
and producing widespread metastases, generally aggravated by opera- 
tion, now known to resist control by radiation or prone to recur, and 
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probably always fatal, with fever, anemia, and cachexia The pathologist 
recognizes the terminal stages of malignant lymphocytoma by the wide- 
spread metastases, especially in serous membranes and in tissues not 
normally contaimng lymphatic tissue, and by the production of many, 
even myriads, of small lymphomas The chmcian may find httle saus- 
faction in attemptmg to recognize distinctions between lymphatic disease 
before which he stands mainly a helpless obsen’^er Intermediate grades 
of malignancy of lymphocytoma are found among the numerous cases 
of pseudoleukemia and lymphatic leukemia That some of the ver\’' 
malignant forms represent terminal stages of the less mahgnant is illus- 
trated in any broad clmical experience On the other hand there are 
obvious differences beuveen the most rapid lymphanc leukemia and the 
highly malignant lymphocytoma without leukemia I recall a case of 
acute febrile lymphatic leukemia lasting eighteen days, with 600,000 
leukocytes in the blood and widespread mdiary lymphomas in the 
organs, but the lymphomas failed to affect the serous membranes, m ere 
never infiltrative, and exerted only mild pressure effects, \\ hereas in the 
mahgnant tumor the lymphomas \\ ere universal, destructn e, and pro- 
duced aggressive tumors 

Reticulum Cell Sai coma covers the main field of the lymphosarcomas 
and includes the great majority of the cases The classical description of 
the older writers deserves repetition The disease begins in a chain of 
nodes or in a localized area of a mucous membrane All the nodes of the 
chain arc affected from the first The disease spreads by involving other 
chains of nodes but generally the whole new chain appears enlarged The 
method of extension is obscure but probably involves both dissemination 
of the exciting agent and cell embolism Isolated bulky metastases appear 
both in the lymphatic system and in other organs in v hich the nev 
tumors arise in tissues entirely free from other signs of lymphatic irrita- 
tion Yet the primars?- focus is generally discernible at autops}’’ and appears 
to dominate the course of the disease Hence early excision or radiation 
of the primary lesion has often controlled the disease The clinical \ arie- 
ties and manifestations of reticulum cell sarcoma are extremely numerous, 
affecting c\ cr^ orgm md tissue obtruding themseh cs into c\ erv medical 
specialty, and at all igcs 

Out of this complex chnicil field certain generalizations stind out 
prominently There is the \ er\ notable healthy robust o\ ernourishcd 
appearance of the a\ erage subject of reticulum cell sarcoma, \\ hich is 
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sharply contrasted with most other forms of lymphatic diseases and 
especially with Hodgkin’s disease There is the tendency to localizaaon, 
at least temporar}'-, of the primary lesion There is the tendency to hmita- 
aon to the organ in which the disease arises, especially noted in lympho- 
sarcoma of skin, spleen and bone marrow There are rather specific 
cellular features detectable in lymphosarcoma of spleen, thymus, stom- 
ach, and some other organs, on which a localizing diagnosis may often be 
made There is a notable frequency for the disease to terminate with 
streptococcus septicemia A gloomy generahzation relates to the highly 
lethal prognosis of this lesion in any form, so that one is compelled to 
regard with gravity the appearance of any spontaneous enlargement of 
a chain of lymph nodes, especially in an adult 

While the chief structural feature is simple enough, consisting in a 
diffuse growth of reticulum cells of varying degrees of anaplasia, there 
IS a surprising variety in structural details which render the exact diag- 
nosis and prognosis of Ij^mpliosarcoma one of the most difficult tests of 
the pathologist It is seldom possible to predict whether the patient will 
live a few months or several years Addicts to histological refinements 
point out certain peculiarities of structure, like Albertoni, mIio notes 
the lesser malignancy of tumors in which there are many large clear 
cells The experienced pathologist contents himself MTth recognizing two 
mam classes of structure in large cell lymphosarcoma, one being difficult 
to separate from a cellular infectious granuloma, ivhile at the other 
extreme, one places the highly atypical diffusely growing process with- 
out any trace of granuloma A fine intercellular argentophile reticulum 
IS a characteristic structural feature 

In a serious effort to sharpen the diagnostic skill of pathologists, a 
Registry of Lymphatic Tumors was established at the Army Medical 
Museum some years ago It makes progress slowly, chiefly because of 
the long period of observation required to complete the records, but 
now contains about 400 cases It is a valuable mine of obsen’^ation and 
opportunity for the student and deserves the hearty support of clinicians 
and pathologists, but it suffers from the general neglect visited upon the 
whole subject of lymphosarcoma and is seldom consulted In this col- 
lection, the three classes of lymphatic tumors are fully illustrated and 
the diagnostic problems sharply emphasized These problems consist 
chiefly in the distinctions between simple inflammatory and granuloma- 
tous inflammation, between tuberculosis and Hodgkin s disease, the 
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separation between inflammatory and neoplasuc processes, and the 
recogmtion of grades of malignancy All these problems constantly con- 
front the pathologist and they are so difficult that one often wonders 
whether any adequate classification of lymphatic diseases is possible in 
the present state of knowledge 

The position of the leukemias in the scheme of lymphatic diseases is 
not easily determined, and is not adequately covered m the above groups 
which deal only with true primary tumors Present knov ledge indicates 
that the leukemic blood picture is a symptom arising under many differ- 
ent conditions and from a wide variety of etiological factors Some of 
these processes are purely inflammatory and even transitory, others seem 
more or less autonomous, irreversible, and neoplastic, while in still others 
the underlying process is one of the many recognized varieties of malig- 
nant tumors of lymph nodes On the ground that the leukemias are prim- 
ary diseases of the bone marrow they might be excluded from the class 
of primary diseases of the lymphaac system Yet it is unsafe to press this 
principle too far and for practical reasons the leukemias should be 
included in the general group of lymphomas To cover the leukemias 
and certain other rarer forms of lymphanc disease, it is necessary^ to 
expand the classification and add to the three mam classes of tumors cer- 
tain subvarieties Lymphatic leukemia falls with pseudoleukemia under 
lymphocytoma Myelocytic leukemia is a specific process m v hich gran- 
ular myelocytes are found m the hjqierplastic nodes Plasma cell leu- 
kemia, lymphomas, and lymphadenius also stand out by themselves 

Endotheli07na of lymph nodes The doctrine that there is a specific 
group of primary tumors of lymph nodes, dern ed from the lining 
endothelium of cavernous and lymph sinuses, producing a structure 
resembling carcinoma, has been nearly v recked by the discmen" by 
Regaud and Schmincke of lymphoepithelioma Probably the great major- 
ity of tumors recorded as endothelioma of lymph nodes were dern cd 
from the lining epithelium of mucous surfaces in which lymphatic 
ussuc IS abundant, as in the nasophar)'n\ Nevertheless the literature 
continues to supply rather frequent examples of tumors presenting the 
rather characteristic structure which the authors derne from lining 
cndothelnl cells In many of these cases a clinical search or postmortem 
examination, w Inch is stated to be thorough, fails to rc\ eal any primar}’’ 
focus in the mucous membranes I continue to see occasional cases sub- 
mitted in w Inch these conditions arc asserted to exist and the structure 
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of the tumor and its clinical course are peculiar In my own material I 
have not seen in recent years, any cases of this type in which a primar)’- 
focus was positively excluded AVhile unable to deny that a primar)’- 
endothelioma derived from sinus endothelium exists, I am inclined to 
think that cases of this type will diminish in frequency as obsen'^ations 
become more precise and critical 

Etiology An attempt to review the clinical data regarding the causa- 
tion of lymphosarcoma is like looking into a fog at sea, and this impression 
IS aggravated by inspection of current literature Present day studies are 
wrestling with morphology, and there is little systematic effort to eluci- 
date the problems of etiology It is evident that lymphatic hyperplasia 
and neoplasia may be excited by a great variety of conditions which 
include every class of external irritant, supported by many contributing 
factors and favored by certain predisposing causes 

Subacute bacterial infection stands as one of the common excitants 
of lymphatic tumors, especially of skin and mucous membranes in man 
and lower animals The pyogenic cocci, especially the group of strepto- 
cocci, are most prominent in this relauon, but many other micro- 
organisms seem to be concerned in special cases That subacute strepto- 
coccus infection is capable of producing lymphocytic and reticulum cell 
hyperplasia instead of polynuclear leukocytic exudate, was established 
long ago In the skin, staphylococcus, ringworm, and many other com- 
mon skin infections have been observed to precede lymphomatosis A 
careful search for old or recent infections of skin and mucous membranes 
in cases of lymphosarcoma of these or deeper organs is rew'^arded vath 
success in a large proportion of such cases and should always be under- 
taken It IS not an uncommon history that the patient suffered some 
months or years previously with a local infection accompanied by 
enlargement of regional nodes which subsided, but after a variable period 
the lymphatic enlargement returned in the form of lymphosarcoma In 
a group of cases of deep lymphosarcoma, there is a history of typhoid 
fever, appendicitis, cholecystitis, salpingitis, or other local infection for 
which medical attention was required 

Most prominent among the established causes of lymphosarcoma are 
the infectious granulomas, including probably all of them, but especially 
tuberculosis and Hodgkin’s disease Tuberculosis is the chief causative 
agent in the entire group of lymphocytomas, but its relation to reticulum 
cell tumors is less definite The transformation of a hyperplastic tubercu- 
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lous process into lymphocytoma has been observed many times, and the 
existence of a tuberculous process in such cases has probably often been 
overlooked It has long been known that tuberculous infection with or 
without many tubercle bacilli may take the form of a nearly pure Ij^m- 
phocytic hyperplasia In many cases of systemic pseudoleukemia, defimte 
foci of tuberculosis may be found at autopsy 

The scope of morphology of Hodgkin’s granuloma is so wide and its 
causative agent so uncertain that no definite statement may be made 
regarding its relation to lymphosarcoma Hodgkin’s granuloma affects 
reticulum cells more than lymphocytes, and one may assume that any 
lymphosarcomatous process arising on the basis of Hodglan’s disease 
would take the form of reticulum cell sarcoma In typical cases of 
Hodgkin’s disease, sarcomatous features may develop, involving the 
reticulum cells, but the process does not greatly resemble the typical 
reticulum cell sarcoma That Hodgkin’s disease ever takes the form of a 
true malignant neoplasm has never been proven, but it may be that cer- 
tain cases of reticulum cell sarcoma arise on the basis of a Hodgkin’s 
infection Hodgkin’s is the most typical of all the infectious granulomas, 
and the rather popular theory of its essential neoplastic character is with- 
out foundation 

An important relation of syplulis to any of the primary tumors of 
lymph nodes is not supported by very substantial data Several less com- 
mon infectious granulomas should probably receive more attention as 
possible causes of lymphomas Micrococcus mehtensis and venereal 
lymphogranuloma produce lesions closelv resembling some of the 
atypical lymphomas, and subinfections by these agents may be con- 
cerned with some of the lymphosarcomas 

In the gastrointestinal tract, granulomas of undetermined origin 
affect stomach, bowel, appendix, and rectum, and produce lesions which 
greatly resemble m most respects the fully developed lymphosarcomas of 
these regions Through such portals of cntr\ the deep thoracic and 
abdominal nodes are probablv infected In all cases of retroperitoneal 
lymphosarcoma, the gastrointestinal tract should be carefullv searched 
for healed or small acm c lesions 

Constitutional factors seem to pla\ a prominent part in the causation 
of the typical cases of rcriciilum cell sircoma This disease is remarkable 
for Its predilection for robust o\ er-nourished, florid rvpcs of indu iduals 
who mnnrain their euphorn nearh to the tcrminil periods Most of the 
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cases of Brill’s disease also occur in such subjects V eterinarians are quite 
familiar with the frequency of lymphosarcoma in cattle bred for the 
market, for hundreds of such animals are condemned every year for 
lymphomatosis The nature of the predisposition established in such 
subjects IS at present wholly obscure 

Experimental cancer research has brought out some peculiar etio- 
logical factors, the relation of m inch to human disease is quite uncertain 
In mice, leukemia is produced by innoculation of cells and some strains 
are susceptible, others refractory Leukemia has been produced experi- 
mentally in fowl by cell free extracts (Furth), by extracts of normal 
organs (Schridde), by benzol (Bungeler), and by radiation by radium 
or x-rays Occasionally, leukemic or lymphomatous processes arise after 
the application of the cancerigenic cyclic compounds 

Cnte^ia of Lymphatic Tiimois In the interpretation of lymphatic 
tumors, certain special criteria must be considered Lymphatic tissue is 
present in nearly all tissues of the body and the total amount of this 
tissue IS quite large Lymph nodes are not fixed organs but come and go, 
varying in different species of animals, at different ages, in individuals, 
and in response to changing physiological conditions The lymph node 
IS the first barrier against infection which has passed the skin or mucous 
membrane, and the lymphocyte responds to irritation more readily than 
any other cell except the polynuclear leukocyte The scope of reversible 
mflammatory hyperplasia is very wide and the existence of an irreversible 
neoplastic hyperplasia should not be assumed unless the autonomous 
characters are pronounced There are physiological distinctions between 
systemic, thymic, and splenic cells and these often are traceable in tumors 
of these organs There are free connections within the lymphatic system 
and v-ith the blood vessels which render lymphatic tissue more or less 
mobile This relauon probably accounts for the tendency of lymphatic 
diseases to become systemic It renders difficult the interpretation of 
metastases There are indications that the extension of lymphatic tumors 
proceeds chiefly by cell embolism, but often by the development of new 
tumor cells by diffusion of the exciting agent The possibility exists that 
growth stimulating cell products diffusing from the primary tumor focus 
may play a part in the remarkably wide and rapid extension of some 
lymphatic tumors At times the whole lymphatic system seems to react 
as a whole 

There is a remarkable relation between lymphocyte and reticulum 
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cell most obvious in the follicles Flemming’s theot)’' that the reticulum 
cells of the germ center are the mother cells of lymphocytes has been 
abandoned, for embryological and pathological data point strongly to the 
view that these uvo types of cells are distinct In most pathological 
processes this distinction is rigidly maintained, but it cannot be denied 
that in some pathological conditions the two types of cells seem to grow 
together and the usual sharp distinctions are obliterated The lymphocyte 
may reach considerable dimensions, while in some verj’ active reticulum 
cell sarcomas, the cells may be rather small Yet I have never seen any 
definite evidence of the existence of a mixed lymphocytic and reticulum 
cell sarcoma The reticulum of reticulum cell sarcoma is usually promi- 
nent in this process while regularly absent in all stages of lymphocytoma 
The growth of reticulum may account for the tendency to fibrosis 
observed in many reticulum cell tumors Necrosis is notably lacking in 
both classes of lymphatic tumors The failure of the lymphocyte to 
provide immumt)'’ against the infecting agent is a remarkable feature 
lacking explanation This failure may be held responsible for the lethal 
character, however delayed it may be, of most lymphatic tumors and its 
granulomas When enlarged lymph nodes appear anywhere in a subject 
after puberty, the outlook is always serious 

For many years pathologists have expressed the feeling that lympho- 
sarcomas are not true tumors but require separate positions among 
pathological processes They find that this process is so intimately con- 
nected with and dependent upon infection or extrinsic irritation, and 
presents so many features of an inflammatory process, that it mav not 
be given a definite place among strictly autonomous neoplasms This 
fact should be noted by workers with a arious so-called tumors among 
lower animals 

The foregoing sketch of the problems of lymphosarcoma impresses 
the critical observer mainly vnth the fragmentary’- character of our 
knowledge of this group of diseases Every pathologist will admit that 
w’hcn faced w ith the simple question of diagnosis he has as a rule to be 
content wath a ^ ague report on the general morpholog\" of the process 
but can offer little Iielp regarding etloIog^^ and must rclv for prognosis 
on tlie gcnerilly fatal tendency of the disease Regarding essential fac- 
tors controlling the origin and progress of the disease he must confess 
nearly complete ignorance Tlie clinician records the \ annus incidents 
marking the course of the disease but must acknowledge his in->bihtv 
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to alter the course c\cept temporarily in the great majority of cases 
His inquiry into etiological questions is handicapped by the absence of 
defimte leads from the pathological side The therapeutics of lympho- 
sarcoma, although considerably encouraged by the occasional recoveries 
after radianon, is a gloomy chapter The comparative frequency of these 
lymphatic diseases, and their occurrence in apparently healthy subjects 
of all ages, most of whom die in spite of all efforts, discourages optimistic 
attempts to improve the situation by clinical resources Recognition of 
these outstanding facts has led to the establishment of at least one Foun- 
dation directed to the systematic study of one group of cases, the 
leukemias, m hilc tragedies in many families have occasionally led to 
the granting of small sums to support of isolated u orkers IVhile the 
leukemias have been systematically pursued by evperimental workers 
in several localities under the Tata Foundation, most of the work is 
undertaken by individuals yho take up phases of the subject, pursue 
them for a time, and then become discouraged by the paucicv^ of results, 
abandon the study, and wait for others to take up the burden and begin 
all over again 

Any comprehensive estimate of the scope of the problems of lympho- 
sarcoma must lead to the conclusion that unless there is a systematic 
attack over a long period by a group of competent u orkers, under favor- 
able conditions, m ith adequate material support, and including all phases 
of the subject, it is unreasonable to hope for any great progress AVitli 
this conviction in mind, the writer ventures to outline a program of 
systematic investigation u Inch might be expected to bring some light on 
the fundamental questions involved, and possibly lead to some progress 
toward the pievention and control of this group of diseases In offering 
the plan, it is realized that syndicated research has seldom been very 
successful in solving the major problems of medicine and that there are 
many practical difficulties in carrying out any such prolonged program 
e\ en under the best auspices 

Plan of Sxstematic Investigation of Lxxmphosarcoma 

Chmeal iiiedicine The clinician may investigate the importance of 
heredity, the relation to status lymphaticus, and the possible relation of 
the endocrine organs Metabolic studies are indicated as affecting the 
soil for bacterial growth The history of the main organ affected should 
be searched for The usual clinical data should be analyzed statistically 
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The epidemiology of the disease should be considered 

Pathological anatomy Full autopsies and study of all organs should 
be obtained Chronic lesions in the affected organs should be noted, espe- 
cially the oropharynx and gastrointestinal tract The patholog)^ of 
metastases should be more carefully investigated and mterpreted Radio- 
graphs of injected tissues might give important data The relation be- 
tween structure and prognosis should be determined in a large series 
Bacteuology Bacterial studies of surgical and postmortem material 
should be pursued by appropriate methods Little is kno\vn about the 
serology or immunology of the disease The relation to bacterial antigens, 
and the effects of antigens made against whole tissues and tissue extracts 
and isolated bacteria invites attention Bacterial mutation in the presence 
of lymphatic tissue is to be considered 

Experimental pathology The reactions of lymphatic tissue to all the 
common pyogenic bacteria, infectious granulomas, and many chemical 
agents should be systematically determined The reactions of lymph 
nodes to various tissue extracts, lipoids, and proteins of the tumors should 
be studied The element of hypersensitization of lymphatic tissue may 
be considered The action of known cancerigemc chemicals should be 
determined in lymph nodes Do specific agents act selectively upon 
lymphocytes and reticulum cells^ 

Thei apentics Radiological treatment should be standardized, and 
new modalities should be employed The use of arsenicals in various 
combinations and as adjuvants to radiation is suggested by the work of 
Dustin Antibacterial agents should be sought to control complications 
and terminal infections The position of surgery should be determined 
Diagnosis The standard of general diagnosis should be improved by 
the collection of a large series of fully obsen ed cases as in the L-s mphatic 
Tumor Registry There might v ell be established a central bureau w here 
very experienced obsen'^ers would furnish diagnosis and prognosis The 
general literature of the entire subject should be made a\ ailablc 

Such a project should be located in an institution or center x\ here 
material is abundant, and v here all the nccessars* scientific and clinical 
aids V oiild be available or constantly occupied x\ ith one or more of the 
mam problems If such an organization v ere established it x\ ould at 
Icist pro\ idc a center of reliable information and guidance v Inch is now 
licking, and it would soon rcical the futility of the present efforts 
directed tow ard the solution of one of the major problems of medicine 



PRESENT STATUS OF SERUM THERAPY 
IN PNEUMONIA" 

RxjSsell L Cecil 

IS interesting to compare the development of serum 
therapy for pneumonia with that of some other forms of 
specific therapy, such as diphtheria antitoxin for the 
treatment of diphtheria or insulin for the control of 
diabetes In the two latter conditions the specific agents 
were produced in almost perfect form from the very beginmng Because 
of this perfection, the medical profession took hold of the new agents 
with much alacrity and enthusiasm and within a year after their intro- 
duction, diphtheria antitoxin and insulin Mere being widely used by 
physicians 

The serum therapy of pneumonia, on the other hand, has had a grad- 
ual evolution There have been many obstacles to be overcome and con- 
siderable skepticism and indifference on the part of the medical profes- 
sion to be combatted The original Type I serum as produced by Cole^ 
and his associates ivas applicable for only Type I pneumonia and, 
furthermore, the patient’s sputum had to be typed by a laborious and 
time-consuming method before the serum could be administered 

The original Type I serum was bulky and had to be given in large 
quantities to be effective As a result, inadequate amounts were often 
admimstered, and disappointing results M^ere obtained The large amount 
of horse protein in the serum caused severe serum sickness in many 
patients and the danger of anaphylactic shock and thermal reactions 
enhanced the unpopularity of the product In spite of these drav backs, 
however, the original Type I serum of Cole was an effective therapeutic 
agent Its value was proven by the clinical and statistical evidence sub- 
mitted by Cole and his co-workers,^ and by the experimental studies of 
Cecil and Blake” on monkeys 

It has been just twenty-five years since the publication of the first 
articles on the use of Type I serum at the Hospital of the Rockefeller 

*Deli\ered at The New York Academ> of Medicine, December 1, 1938, in the S>mposium on Serum 
Therap\ in Pneumonia under the joint sponsorship of The New York Academ> of Medicine and 
the New York County Medical Societx 
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Institute ^ It IS therefore a fitting time to review briefly the advances 
which have been made in the serum therapy of pneumoma durmg the 
last quarter of a century 

First came the studies of Gay and Chiclcermg,^ Huntoon,^ and finally 
the important mvestigations of Felton, “ aU of which sho\\ed that the 
specific antibodies in antipneumococcus serum could be separated by 
various chemical or biological procedures from the greater part of the 
protein content of the original serum Felton® went soil further and 
succeeded in concentratmg antibodies until the refined and concentrated 
product contained five or ten times as much antibody per umt of \ olume 
as the original serum The achievements of Felton simplified greatly the 
admimstration of serum and reduced considerably the incidence and 
severity of reactions 

This improvement in antipneumococcus serum was followed by 
extensive statistical studies by Cecil and his co-workers^ at Belle\'ue Hos- 
pital, by Bullowa® at Harlem Hospital, and by Heffron,® and Sutliff and 
Finland^” at the Boston City Hospital The results obtained in these 
studies in city hospitals were not only impressive chnicaUy but afforded 
convincing statistical evidence of the value of pneumococcus serum in 
Type I pneumoma By using the alternate case method, it was shotvn that 
the death rate could be cut more than half by the use of serum When 
only early cases were included, the fatality rate was reduced from the 
standard 30 per cent to less than ro per cent 

The next important step in the development of antipneumococcus 
serum w’^as the complete classification of pneumococci by Georgia 
Cooper and her co-wmrkers A Type II annpneumococcus serum had 
already been tried wuth promising results, but with the demonstration 
of thirty odd types of pneumococci, the w^hole field of serum therapy 
in pneumonia w’’as greatly widened 

It w^as fortunate that about this amc NcufeldV® Quellung reaction 
W'as rediscovered and this led to a greatlv simplified and accelerated 
method of typmg pneumococci from the sputum and other bodv fluids 
Whereas heretofore it had been ncccssaty to inject a mouse with the 
sputum and then w'ait eight to nventy-four hours before testing the 
exudate, it w as now' possible by the Ncufcld method to determine the 
rj'pc directly from fresh sputum withm an hour or n\ o after the sputum 
had been sent to the laboratorv^ This contribunon has had a most im- 
portant influence on the serum therapy of pneumonia, for e\ en w ith 
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thirty odd specific antisera ready for administration to the pneumonia 
patient, much valuable time would be lost if \vc still had to determine 
the type by putting every sputum through the peritoneum of a white 
mouse 

One of the most recent advances in the specific therapy of pneu- 
monia has been the introduction of antipneumococcal rabbit serum This 
work also emanates from the Rockefeller Institute, and the first report 
in 1937 by Horsfall, Goodner and MacLeod,^^ created wide attention 
and interest 

At the present time both horse serum and rabbit serum are available 
for the treatment of pneumonia It will probably take several years of 
comparative study and investigation before we can be sure which serum 
has the greater merit Some ivorkcrs believe that rabbit serum is distinctly 
preferable to horse serum, others believe that so long as the serum is 
highly potent, it makes little difference from what animal it is derived 

No serum should be used unless its potency is known The strength 
of serum is measured m units “per cc ,” the umt being that amount of 
antibody which will protect a white mouse agamst one million fatal doses 
of virulent homologous pneumococcus culture 

Antipneumococcus serum is usually dispensed in vials containing ten 
to nventy thousand units Cloudy serum should not be used At the 
present time in the City of New York, the Department of Health pro- 
vides antipneumococcal horse serum for Types I, II, V, \TI and VIII 
Some of the biological manufacturers, however, are going further, and 
provide antipneumococcal rabbit s^trum for the less prevalent types, 
such as Types III, IV, AT, XIII, XIV, XATI and XIX 

I believe that every case of 'pneumonia from which a definite pneu- 
mococcus type IS determined a.nd for which there is an available serum, 
should have serum therapy Even apparently mild infections should 
usually receive serum, not only because it shortens the disease, but be- 
cause an apparently mild pneumonia may suddenly become a very severe 
pneumonia The only contraindications to serum therapy are terminal 
pneumonias and marked a llergic states AAfith two types of serum avail- 
able, It will often be possi ble to circumvent an allergic condition by giv- 
ing a serum to which th'e patient is not sensitive In patients with very 
low blood pressure, inti--avenous injections of glucose and saline may be 
given before starting t’ne serum In any case, the physician should have 
a good reason for vuthholding serum, for he assumes considerable re- 
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sponsibJity in so doing 

The use of antipneumococcal serum in the pneumomas of infants 
and children appears to be justifiable m many cases I have had compara- 
tively little experience with infantile pneumonia However, C H Smith^'* 
at Bellevue Hospital and Bullowa® at Harlem Hospital have both re- 
ported excellent results with serum therapy in the types of pneumonia 
which are most frequently encountered in childhood, namely Types I, 
VI, XIV and XIX In children the serum may be given intramuscularly 
or intravenously 

Tests for SENsiTivin' 

No patient should be given antipneumococcus serum without careful 
inquiry as to the incidence of hay fever, asthma and urticaria Patients 
should also be questioned concerning previous injections of serum 
Asthma is not necessarily a contraindication to serum therapy, pro\ ided 
there is no sensitivity to the serum that is to be employed, but in adminis- 
tering serum to an asthmatic, the physician should proceed with great 
caution 

Inti adeimal Test Once a decision has been reached to administer 
serum, the preliminary intradermal and conjunctival tests should be per- 
formed For the intradermal test, two injections are made on the forearm 
at least two inches apart The first contains a drop of i 10 dilution of 
normal horse serum The other, a small drop of physiological salt solu- 
tion, serves as a control In a posim e reaction the v heal becomes larger 
and IS surrounded by a zone of erythema In a strongly positn c reaction, 
pseudopodia are present Tlic conjuncu\ al test is performed by inserting 
a drop or nvo of i 10 dilution of normal horse serum in the conjunc- 
tival sac of one eye In case of a posim c reaction, the conjuncma 
becomes injected and there is itching and watering of the eye The read- 
ings for both tests should not be made for fifteen minutes after the 
injection of the scrum Antipneumococcus scrum may be administered 
with caution m the presence of a v cakly posiuvc skin test In the pres- 
ence of a positive eye test, serum should be withheld 

Descnntization In a highly scnsimc patient, dcscnsitization is almost 
impossible to achic\ c and should not be attempted v ithout consultation 
The writer can recall two cases in vhich it Mas tried Mith Acrv' nearly 
disastrous results A tcmporirily rcfracton" state may be produced by 
means of adrenalin during Mhich adequate doses of scrum may often 


be given An injection of o 5 to i o cc of adrenabn five to ten minutes 
before the serum is administered usually suffices Small doses of well- 
diluted serum are given first in gradually increasing amounts before 
attempting the full therapeutic dose 

Occasionally during the admimstration of serum, a crop of urn- 
canal wheals appear, vnth intense itching In such a case, the serum 
should be promptly discontinued and adrenalin given subcutaneously 
After a short while, the remaining dose of serum may be administered 

A somewhat different procedure has been recommended before ad- 
ministering rabbit serum A prehminar)’' intravenous test is made by in- 
jecting o I cc of the type-specific rabbit serum, diluted vith o 9 cc of 
sahne solution The pulse and blood-pressure are taken before the in- 
jection and five minutes follow mg it It is claimed that if a panent is 
sensitive to rabbit serum, there w ill be a fall in the arterial blood-pressure 
of twenty’’ or more mm of mercury and an increase in the pulse rate of 
tw'enty or more beats per minute In the presence of such a reaction, 
rabbit serum should not be administered 

Adaiintstration’ of Serum 

If the sensitivity tests are negative, \vc proceed at once to the ad- 
ministration of serum A syringe containing i o cc of adrenalin should 
first be prepared to meet any emergency that might develop during the 
injection of the serum 

It IS customary to give a small intravenous injection of serum before 
giving the full therapeutic dose The amount injected differs in different 
clinics, usually i o cc of serum, diluted wuth 9 o cc of sahne is ad- 
mmistercd very slowdy with constant attention to the color and pulse 
rate of the patient Such a small dose of course has no therapeutic value 
but if the paaent takes it Avithout any reaction, the physician wull have a 
good deal more confidence in giving the full dose If after one hour 
there is no reaction to the preiimmary injection, we proceed to give 10 
to 20 cc of serum intravenously depending on the potency of the agent 
With the present concentration of serum it is possible to give the average 
complete dose of one hundred thousand units in three to four mjections 
of serum In bacteriemic cases, nvo hundred thousand units should be 
administered durmg the first twelve hours of treatment On the morning 
after the injection of serum, patients Avho have been treated early usually 
show a striking improvement The temperature and pulse rate tvill have 
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dropped to normal or almost normal and the whole appearance of the 
patient will have changed for the better In cases m which marked im- 
provement has not taken place within twenty-four hours after the in- 
jection of serum, the question will naturall)’- be raised as to the accuracy 
of the typing Unfortunately errors in typing are fairly common, though 
It must be added in defense of the bacteriologist that these mistakes often 
occur through no fault of technique The first specimen of sputum may 
not contain the infecting type of pneumococcus at all, or it may yield 
two types of pneumococci, thus leaving the physician somewhat con- 
fused as to which type of serum to administer Even in some correctly 
typed cases, however, little if any improvement will be noticed on the 
second day and it may be necessary to give more serum This is par- 
ticularly true in patients over forty-five years of age and m those y ith 
more than one lobe affected It is also obsen ed in cases where serum is 
started after the third day In any case, serum should be continued until 
the temperature and pulse rate return to normal or until the intradermal 
or agglutination tests are definitely positive The intradermal test and the 
agglutination tests are somewhat difficult to carr\’' out unless the patient 
is in a hospital, and in the last analysis, neither is so dependable as the 
clinical condition of the patient 

An excellent rule to follow is to take a blood culture on e\ en’" pa- 
tient yith pneumonia just before the administration of serum The 
presence or absence of bacteriemia is of the greatest import so far as 
prognosis is concerned, and furthermore the dosage of serum is doubled 
in the presence of sepsis 

It is y ell to remember that y hen a lapse of several davs has occurred 
since the administration of serum, the greatest caution must be obsen ed 
if scrum therapy is to be renewed Otherwise a fatal anaphylaxis may 
occur 

In some clinics there is a tendency now to gn c the entire therapeutic 
dose of serum in one injection This procedure has come into a oguc since 
the introduction of rabbit scrum How c\ cr, for the general practitioner 
jiarticularly in treating a patient in the home it is a safer practice to 
di\ idc the scrum into sc\ eral doses There is also a tendency to gi\ c a 
lariicr dosage w hen using rabbit scrum Horsfall and his colleagues''^ at 
the Rockefeller Institute often gn c 2 to thousand units of antibody y ith 
one injection of scrum 
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Serum Reactions 

The various reactions to serum therapy are now familiar to most 
physicians In the acute allergic reactions v^Iiich appear during or shordy 
after administration, the panent becomes dyspneic, flushed and cyanoac, 
the pulse is rapid and weak and there is apprehension, tightness m the 
chest, and often a desire to urinate or defecate, in some cases there is 
also nausea and vomiting In the occasional fatal reactions, the pulse be- 
comes imperceptible and there is marked cyanosis followed by respira- 
torv'" failure and death Acute allergic reactions are prompdy reheved 
by injecoons of o 5 to i o cc of adrenalin administered subcutaneously 
and well rubbed in It is not necessary to inject the adrenahn direcdy 
into the vein Thermal reactions are not so common now as they were 
m the early days of serum therapy Occasionally, however, the patient 
will have a chill an hour or so after the injection of the serum, followed 
by a rise of one to four degrees in temperature Usually there is a rapid 
drop, followed by profuse perspiration, but occasionally the tempera- 
ture remains high (107° to 108° F ) and the patient may go into a pro- 
found shock and stupor In case of hyperpyrc\ia, cold packs and ice 
water enemas should be used together with emergency snmulation 
Serum sickness is another form of serum reaction vdiicli is much less 
frequently seen now than formerly The giant urucana v Inch so often 
follon ed serum in the early days is now a rare comphcaaon Mild urn- 
caria develops in 15 to 20 per cent of patients w^ho receive the modem 
concentrated and refined forms of annpneumococcus serum 

Results of Treatment 

The introduction of antipneumococcus serum has revolutionized 
the treatment of pneumonia The use of serum not only reduces the 
fatality rate by more than one-half but, if given early, prevents bac- 
teriemia and greatly shortens the duration of the disease The results of 
serum therapy for the tmrious types are shovm in Table I 

These figures have been compiled from the statistics of a number 
of different observers The largest series is naturally the Type I group, 
for which serum has been used for many years The death rate is cut 
from 326 per cent for controls to 1 3 6 per cent for serum treated cases 
The results of serum treatment in Type I pneumonia have been remark- 
ably consistent For example. Lord and Heffron^® report 1043 cases of 
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Tabix I 

FATALITY RATES FOR PNEUMOCOCCUS PNEUMONIA OF 
THE COMMONER TYPES, WITH AND WITHOUT SERUJI* 
(HORSE SERUM ONLY) 


Type of 

Serum Treated 


No Serum 


Pneumococcus 

No of 
Cases 

Deaths 

Mortality 

Per Cent 

No of 
Cases 

Deaths 

Mortality 
Per Cent 

I 

3136 

429 

13 6 

558 

182 

32 6 

11 

964. 

302 

313 

967 

424 

43 8 

V 

139 

35 

251 

516 

187 

36 2 

VII 

109 

13 

119 

404 

117 

28S 

VHI 

41 

4 

98 

319 

60 

18 8 

XIV 

39 

4 

10 2 

167 

34 

20 3 

TOTAL 

4428 

787 

17 7 

2931 

1004 

342 


Tamx II 

FATALITY RATES FOR PNEUMOCOCCUS TYPES I & H 
TREATED WITHIN AND AFPER SEVENTY-TII O HOLTRS 


Pneumococcus 

Ca^es Treated Within 

Cases Treated 


72 hours of onset 

72 hours, or more, 

after onset 


Mortality 

No Cases Deaths 

Mortality 


No Cases Deaths Per Cent 

Percent 

Type I 

844 79 9 3 

979 170 

17 3 

II 

62 10 16 1 

10 16 

40 0 


Tadle III 

RESULTS OF SERUM THERAPI IN BACTERIEMIC C VSES OE PNELMOM V 


Pneumococcus 


Serum Treated 


No Scrum 



No Cases Deaths 

Mortality 
Per Cent 

No Cases 

Deaths 

Mortali ty 
Per Cent 

r\pe I 

651 

225 

345 

325 

225 

69 6 

II 

189 

105 

55 5 

3S1 

282 

74 0 

V 

30 

20 

722 

113 

87 

763 

VH 

13 

o 

15 4 

71 

61 

853 

VIII 

15 

5 

333 

I2G 

57 

452 

TOTAL 

901 

363 

42:2 

1016 

712 

70 0 


* I lie flpiircs pra‘;cntc(l in Inbics I, II nncl III In^e been compiled from the publiklicd 
•ilntistics of various writers 
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Type I pneumonia treated with serum with a death-rate of 13 9 per cent 
Rogers^® reports that in 1023 cases of Type I pneumonia, treated with 
serum during the first four days of the disease, the death rate was also 
1 3 9 per cent' Even low^er figures have been obtained by Cole^" at the 
Rockefeller Institute and by Bullowa^ at the Harlem Hospital Cecil and 
Plummer" obtained a higher figure at Bellevue, where 410 Type I pneu- 
monias that received specific therapy had a death rate of 17 6 per cent 
In Table I it mtII be noted that the fatality rates for the other pre- 
valent rv^pes of pneumonia are also \cry favorably affected by serum 
therapy The total for 4428 cases of pneumococcal pneumonia treated 
y ith specific serum yields a fatality rate of 1 7 7 per cent, compared v ith 
34 2 per cent for 2931 cases that received no scrum 

Both Type II and Type III pneumonia have offered considerable 
resistance to serum therapy, presumably because they are both set ere 
forms of pneumonia and ha\ c a natural fatality rate of 40 to 50 per cent 
Thanks to more potent serum. Type II is now being favorably affected 
by specific therapy, but Type II pneumonia should be ver\' promptly 
treated and wuth large doses of scrum In Table II w e show the impor- 
tance of administering serum early in the disease 

The fatality rates of serum-treated cases are distinctly low er for those 
patients treated within the first seienty-nvo hours than for patients 
treated seventy-nvo hours, or more, after the onset of the disease 
In bacteriemic cases, the death rates for all types of pneumococcal 
pneumonia are double or triple the usual figure but here again the s alue 
of serum therapy is w^ell showm In Table III, the results of serum in bac- 
teriemic cases are showm foi the five prevalent types 

The fatality rate for septic cases treated w ith serum is 42 2 per cent, 
compared wnth 70 per cent for the septic cases that received no serum 
Type III Viieximoma Pneumococcus Type III pneumonia still pre- 
sents a serious therapeutic problem and because of the disappointing re- 
sults obtained wnth serum therapy, efforts have been made to control the 
disease by chemotherapy, or by a combination of serum therapy with 
chemotherapy For example, Rosenthal,^® Long and Bliss,^® and Cooper 
Gross and Melloir” have reported favorable results wuth sulfanilamide 
in w^hite mice and rats infected wuth pneumococcus Type III 

Heintzelman^^ has recently reported a series of nine cases of pneu- 
mococcus Type III pneumonia treated wuth sulfanilamide, wath a fatal- 
ity rate of only 22 per cent The series is too small, how^ever, to be of 
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much significance In the very interesting bone marro^^ studies of 
Osgood, the author showed that Type I antipneumococcal serum u as 
more effective against Type I pneumococcus than sulfanilamide Hou - 
ever, he then showed that sulfanilamide plus a given dose of antiserum 
was more effective than corresponding doses of antiserum alone His re- 
sults support the view that sulfanilamide renders the pneumococcus 
more vulnerable to bactericidal substances present in the serum In i lev 
of these findings, it would seem that further observations on the com- 
bined effect of sulfanilamide and type-specific antipneumococcal serum 
are in order 

Because of the favorable results obtained with sulfanilamide in 
frank Streptococcus hemolyticus infections, it is natural that chemists 
should be striving to obtain some derivative of sulfanilamide vhich 
Will exercise a similar specific effect on pneumococcal infections Up to 
date, the most promismg synthetic agent of this kind is that advocated 
by Whitby, who observed that 2-(p-aminobenzene-sulphonamido) 
pyridine protects mice effectively against 10,000 lethal doses of Types I, 
\TI and WII This drug is frequently referred to as Dagenan or M S. B 
693 Fleming,^^ working with the drug in intro, noted that its effect v, as 
bacteriostatic rather than bactericidal He found no deleterious effect 
from the drug on the leukocytes and further noted that the efficiency of 
the agent was enhanced in the presence of specific immune scrum He 
suggested that to obtain the best results, the patient should be gn en 
specific scrum as well as A'l &. B 693 The drug appears to be less toxic 
than sulfanilamide though, if kept up for any time, it frequentlv causes 
nausea and vomitincf E\ ans and Gaisford""' have recently reported in the 
Lancet, 100 cases of pneumococcus pneumonia treated u ith M S. B 693 
A control series of 100 cases x\as obserx'cd at the same time A fatalitv 
rate of only 8 per cent v as obsen^ed in the treated cases v hile that for 
the untreated cases vas 27 cent The veakness in this report is that 
quite a large proportion of the cases treated were not tvpcd At the 
present time Dagenan (M-B 693) is being tried out clinicallv in a num- 
ber of New York hospitals In many cases the results ha\ c been quite 
stnkuag but in certain other cases especially those treated late the drug 
has not prc\ ented i fatal termination Perhaps the ideal combination ma\ 
cxcnnially pro\c to be a combination of specific scrum with chemo- 
therapy Under anv circumstances Dagenan must be looked upon as an 
important and promismg addition to our pneumonia thcrapt though 
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obviously still in the experimental stage 

The writer wishes to say a final word about the treatment of pneu- 
monia in private practice In a recent study with E A Lawrence, we 
analyzed 9 1 1 cases of pneumonia from the records of private practice 
with especial reference to the incidence and fatality rates for different 
types and the results of serum therapy The data obtained from the 
private practice series were compared with well-established data based 
on records from the public wards of large city hospitals The most sig- 
nificant facts brought out by this study were 

1 The generally higher age incidence of pneumonia in the well- 
to-do classes 

2 The high incidence of pneumococcus Type III pneumonia in 
private practice This probably resulted from the higher age incidence 
of this group 

3 Inadequate bacteriological study of private cases Less than half 
of the patients available for the study had been properly typed 

4 Only 60 per cent of the private pavilion patients with Type I 
pneumonia received Type I serum In the consultation series, a higher 
proportion received serum but the results of serum therapy in both series 
were not so favorable as those obtained m the wards of large city hos- 
pitals The fatality rate of 23 5 per cent for the entire series of 115 
private cases of Type I pneumonia in which serum therapy was given is 
almost double that reported from various other sources and is not con- 
spicuously lower than the standard fatality rate for Type I non-serum 
treated cases A number of factors such as the higher age incidence, de- 
lay in administering serum, and inadequate dosage of serum are presum- 
ably responsible for this high figure Pneumonia in private practice is not 
so mild as it has often been considered In view of the proven value of 
serum therapy in pneumonia, the administration of serum should be part 
of the routine treatment in every case amenable to serum therapy, re- 
gardless of the social status of the patient 
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TREATMENT OF PNEUMONIA WITH 
ANTIPNEUMOCOCCAL RABBIT SERUM" 


CoLix M M\cLeod 

P 5 HSHSH 5 ESHS 2 ^xuDiES of the differences in the physical, chemical, and 
immunological properties of horse and rabbit antipneu- 
mococcal serum led to the conclusion that rabbit serum 
might have certain advantages over horse serum as a 
SasHSESHffELSHS'S therapeutic agent m pneumococcal pneumoma 

Certain of these diffeienccs have been knou n for a number of years 
In 1923 Zinsser and Parker^ obsened that in vitro complement fixation 
does not occur when the specific pneumococcal polysaccharides are 
mixed u jth immune horse serum, whereas it does take place in mixtures 
of these polysaccharides and immune rabbit scrum 

Averv and Tillett" demonstrated that the injection of horse antipneu- 
mococcal serum does not passn elv sensitize guinea pigs to subsequent 
mjecuon of the specific pneumococcal polysaccharides, while with im- 
mune rabbit serum the guinea pig can be passively sensitized 

Simdarly, it y as found by Heidelbcrger and GoebeP that horse and 
rabbit antipneumococcal serum differ in their precipitin reacnons v hen 
mixed Mith the partially hydrolyzed specific polysaccharide This vas 
further investigated by Heidelbcrger and Kendall 

Goodner^ noted that rabbit antipneumococcal serum was more ef- 
fective than horse antiserum in the treatment of rabbits infected by the 
intradermal injection of virulent pneumococci 

The introducnon in 1929 of the quantitative precipitin method by 
Heidelbcrger and KendalP opened the way to the more exact study of 
the immunological behavior of antipneumococcal sera It was shoum by 
Heidelbcrger, Sia, and KendalF that the antibody content of horse anti- 
pneumococcal serum as measured by mouse protection tests, paralleled 
fairly closely the amount of specifically precipitable nitrogen in such 
serum This was also found to be true of rabbit serum by Heidelbcrger 
and Kendall ® 

* From the Hospital of The Rockefeller Institute for ^ledical Research « 

Deluered at The New York Academ% of Medicine December 1, 1938 in the S^mposmnl on berum 
Therap\ m Pneumonia, under the joint sponsorship of The New York ^cadem^ of Medicine an 
the New York Count^ Medical Societj 
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By comparing the amount of specifically precipitable nitrogen u ith 
the mouse protective potency of both horse and rabbit serum, Goodner 
and Horsfall® demonstrated that each milhgram of specifically precipi- 
table nitrogen in rabbit serum corresponds to approximately 1200 mouse 
protective units, whereas vuth horse serum the same amount of specifi- 
cally precipitable mtrogen represents benveen 500 and 800 mouse pro- 
tective units The use of the quantitative precipitin method, and the ex- 
tension of this prmciple by Heidelberger and Kabat^® to the quanti- 
tatn e determination of agglutinin mtrogen has been of great i alue in 
the standardization of rabbit antipneumococcal serum and Mill be dis- 
cussed briefly later 

Goodner, Horsfall and Bauer, by the technique of ultrafiltration 
through g’raded collodion membranes, determined that the antibody pro- 
tein molecule of immune rabbit serum is much smaller in size than that 
of horse serum Heidelberger, Pedersen and Tiselius^- reached the same 
conclusion using the technique of ultracentrifugation These observa- 
tions explain in part the difference in the amount of protein nitrogen 
precipitated from immune horse and rabbit serum by the specific pneu- 
mococcal polysaccharides 

In experimental pneumococcal infecaons in the mouse the amount 
of immune horse serum which must be used to oi ercome the infection 
has been found to he avithin certain limits If an excess of horse serum 
IS CTu en, the protective acuon may disappear entirely This “prozone” 
phenomenon vas not observ^ed by Goodner and HorsfalP® m the cisc 
of immune rabbit serum 

In mouse protection experiments, the same in\ estigators” noted that 
small amounts of cholesterol or cephalin block the protective action of 
horse antipneumococcal scrum but arc m ithout effect in the case of 
rabbit serum Although the significance of these obsen auons as applied 
to pneumococcal infections m man is unknovn, they are nexcrtheless 
of great theoretical interest 

Ceitain practicil considerations Mere emphasized ba Horsfall, Good- 
ner and MacLeod in suggesting the use of rabbit antipneuniococcil 
scrum in the treatment of pneumonia Up to the present time it has been 
rclitncly difficult to produce in the horse scrum of high titer agunsr 
pneumococci of certain nqics This Ins been particularly true of Type 
II scrum On the other hind in the nbbit pro\ ided ccrtiin prcciutions 
lie oliscncd in the prcparirion of the suspensions of pneumococci to he 
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used for immunization,^® serum of high potency can be prepared against 
pneumococci of practically all types Even in the case of Type III pneu- 
mococcus, antiserum of moderately high titer has been obtained fan-ly 
regularly in the rabbit, whereas serum of high titer can be produced in 
the horse only irregularly and with great difficulty The relative ease of 
immunizing rabbits with pneumococci of tlic various types has been one 
of the strongest arguments in favor of using this serum and has led to its 
piesent vndespread employment against pneumococcal infections of 
many types It is of interest that in the rabbit within a period of from 
four to si\ weeks. Type I antipneumococcal serum can be prepared, 
vdiich m Its unconcentrated form has frequently the same potency as 
the concentrated Type I horse scrum in current use 

The standardization of antipneumococcal serum has always pre- 
sented certain difficulties The method currently used is that of mouse 
protection employing a standard serum as a reference In this techmque, 
unless very large numbers of mice are used, the accurate standardizaoon 
of serum is impossible The estimation of the amount of specifically pre- 
cipitable nitrogen m rabbit scrum, hoveter, protidcs a more precise 
method, since the ratio betveen specifically precipitable nitrogen and 
mouse protectnc units is practically constant in rabbit serum under 
given experimental conditions This method has not been applicable to 
the standardization of horse serum, since it appeals to contain antibody 
fractions of differing avidity for the specific pneumococcal polysaccha- 
ride, and these fractions show wide differences in their mouse protecave 
capacity' ° Consideration of these and other differences in the behavior 
of horse and rabbit antipneumococcal scrum led to the clinical trial 
of rabbit serum in the treatment of pneumonia 

The same procedures which have been videly employed for the 
testing of patients for sensitivity'’ to horse serum are applicable to sensi- 
tivity tests with rabbit serum as well Most important of all is an accu- 
rate history with reference to alleigy, and pievious parenteral adminis- 
tration of foreign protein 

Individuals tvho have acquiied sensitivity'' as a result of previous in- 
jections of horse serum, are not ordinarily sensitive to rabbit serum 
However, it must be borne in mind that patients with a history’’ of 
allergy, for example, those who suffer from allergic asthma and are 
known to be sensitive to horse serum, are also likely to be sensitive to 
rabbit serum 
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In order to determine sensitivity to rabbit serum, intradermal and 
intraconjunctival tests are made with normal rabbit serum diluted i 100 
with salt solution, precisely as with horse serum The dilution of i 100 
IS important, since when normal rabbit serum is used intradermally in a 
dilution of I 10, the skin of many patients will show a non-specific flare 
reaction This may be difficult to distmguish from the true allergic re- 
action which consists of a wheal with surrounding erythema 

The intravenous injection of a small amount of serum is not to be 
recommended without first knowing the results of the skin and eye 
tests, since anaphylactic shock may occasionally occur in extremely 
hypersensitive individuals following the intravenous mjecnon of as 
little as o I cc of well diluted serum As a further precaution after the 
results of the skin and eye tests are known, it has been our practice to in- 
ject slowly intravenously o i cc of the therapeutic serum diluted to 5 o 
cc with normal saline If a fall in blood pressure and an elevation of the 
pulse rate do not occur, it is considered safe to proceed with the thera- 
peutic dose of serum 

The reactions which may occur following the intravenous injection 
of therapeutic amounts of rabbit serum correspond to those following 
the use of horse serum These are (a) anaphylactic shock, (b) the ac- 
celerated or anaphylactoid reaction, (c) the chUl reacuon, (d) serum 
sickness Only the last nvo of these reactions will be discussed at this 
time 

Chill leaction Considerable work has been done on the factor or 
factors in salt solution and solutions of foreign protein which cause chill 
reactions There is no unanimity of opinion as to whether the chill- 
producing substances are extrinsic or intrinsic in origin Although meth- 
ods employed for removing these substances either by processing or by 
fractionation and concentration of the scrum ha\ e not been uniformly 
successful, progress in this direction has been made 

Not every lot of unconccntratcd rabbit scrum produces chills 
Indeed, in certain cases amounts as great as 200 cc or e\ cn 500 cc ma\ 
be injected intravenously in a single dose v ithout producing any ther- 
mal reaction vliatevcr Similarly, the amount of cliill-producing sub- 
stances vanes greatly from one lot of rabbit scrum to another Certain 
lots contain only a small amount, so that to cc or more of scrum can be 
injected inrrai cnously u ithout the occurrence of a chill uhcrcas the 
injection of 100 cc of the same scrum mav produce a thermal reaction 
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If at the time of injection of the larger amount of such relatively non- 
toMc sera, o 6 to o 9 gm of acetylsahcylic acid is given by mouth, the 
chill reaction may be entirely prevented However, this dmg is not 
effectn e when serum is used containing a higher concentration ot the 
chill-producing factor 

In a search for substances Tthich might relieve the chill reaction, 
Beeson and Hoagland^" observed that in about 50 per cent of cases the 
intravenous administration of calcium chloride w ould abort almost in- 
stantaneously the chills following the injection of rabbit serum How- 
ever, this agent is effectn e in relie\ ing only the milder chill reactions 

SeiuiJi sickness Serum sickness follow mg the administration of rabbit 
serum has occurred in 6^ per cent of cases This is almost the same inci- 
dence of serum sickness as that w hich w'c ha\ c obsen ed follow in? the 
use of concentrated horse antipncumococcal serum The manifestations 
of serum sickness do not differ from those seen w'hen horse serum is 
employed 

The use of unconcentrated rabbit annpncumococcal serum in the 
treatment of pneumonia due to pneumococci of various types has been 
previously described in twu reports from this hospital In the second 
paper a number of patients w ere included w ho had been treated in other 
institutions w itli the same lots of scrum The present report deals only 
w ith patients W'^ho hat e been treated in the Hospital of the Rockefeller 
Institute 

In Table I are showm the results wdneh hat c been obtained in the 
treatment of pneumonia in this hospital using unconcentrated rabbit 
serum 

A total of 100 patients, including infections due to pneumococci of 
nine different types, has been treated Eleven patients have died— a mor- 
tality of 1 1 per cent Of the eleven tvho died, seven suffered from Type 
III pneumonia The final judgment on the efficacy of Type III rabbit 
antipncumococcal serum has not been made, but in a certain group of 
patients a beneficial effect has occurred, particularly in individuals before 
the sixth decade In such patients a dramatic response may occur, similar 
to that wffiich IS seen so frequently in the serum treatment of Type I 
pneumoma Of the patients wnth Type III pneumonia wdio died, only 
three could be considered as having received adequate dosage of serum 
by our present standards, but the fact that these patients died despite 
intensive treatment makes it imperative to pursue further the investiga- 
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Tabte I 

AIORTALIIY RATE IX 100 PA,11EX1S IRE^IED AMTH 
UNCOXCENTRATED RABBIT AXTIPNEL AIOCOCC VL SERLAI 


Type 

Vttmher of ca‘,e‘’ 

Vumher of death'. 

I 

28 

1 

II 

10 

0 

ni 

26 

7 

IV 

4 

1 

V 

3 

— 

A*I 

0 


A'll 

10 

- 

ARII 

9 

— 

IX 

4 

- 

XIA" 

2 

- 

XA'III 

1 

- 

XIX 

1 

- 

Total 

100 

11 (llgo) 


Excluding T^ pe III cises "I 1 (5 1%) 


tion of the therapy of Type III infections 

Because of the questionable efficacy of Type III serum it seems fair 
to exclude the twenty-six cases of Type III pneumonia from the senes 
If this IS done, the mortality rate is only 5 4 per cent-four deaths in 
set'^enty-four cases of pneumonia The patients Avho died, other than 
those in the Type III group, illustrate Atffiat has long been known con- 
cerning antipneumococcal serum therapy in general, namely the ad\ an- 
tage of early treatment All but one of these patients were treated late 
in the disease, in two, empyema A\'as present associated Mith severe 
bacteriemia, one patient had meningitis at the time of admission, and the 
fourth patient Avas an elderly man Avith Type II pneumonia, who liad 
consolidation of four puImonarA’’ lobes ai hen admitted to hospital 

A similar experience Avith rabbit antipneumococcal serum is reported 
by Loughlin and his co-Avorkers from the Long Island College Hospital 
Sixty -nine patients Aiath pneumonia due to Types I II, V , \^I \T^II and 
XIV Avere treated, Avith a mortality rate of 7 4 per cent 

During the past nvo years an attempt has been made in each case to 
administer the required amount of antibody m ithin as short a period as 
possible Great assistance has been rendered in this study by using the 
skin test AVith the specific polysaccharide of the homologous t\ pc as an 
aid in the control of dosage Francis^" showed that as hen a patient had 
rcceu cd an amount of Ta pe I scnim sufficient to inmate rcco\ ctA the 
mtradermal injection of TApe I poh saccharide A\ould result in a Aihcal 
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TAiiLr II 

DEFERVESCENCE TIME IN n PE I C VSES I REV TED 
WITH HORSE OR RABBIT SERmi 


Antipnoumococcw^ 
icrum used 

Method of 
administration 

Number 
of eases 

Defervescence — 
average time in hours 

Concentrated 

horse serum 

Diiidcd doses 

25 

22 6 

Unconcentrated 
rabbit serum 

Single and di\idcd 
doses (all caic-i) 

2C 

13 8 

L nconcentrated 

rabbit serum 

V ithm two hours 

IG 

93 


'I’AHtl III 

DEFERVESCENCE TIME IN CASES TREATED 
WnillN EIGHT HOUR PERIOD 


Number Defcrtescence — 

Type of entet Averarje time in hour'! 


I 

19 

11 1 

II 

1 

67 

III 

5 

11^ 

IV 

3 

80 

V 

3 

73 

VI 

1 

60 

VII 

5 

86 

VHI 

5 

98 

IX 

2 

115 

XVIH 

1 

70 

Total 

48 

9 75 


and erythema reaction at the site of injecuon This test has proved a 
valuable guide to serum dosage with horse and rabbit serum of several 
types, since on the development of a posiuve skin test, serum therapy 
may be safely discontinued 

Table II shows the average time required for defen’^escence in paaents 
with Type I pneumoma treated with concentrated horse serum, and in 
patients receiving unconcentrated rabbit serum With concentrated 
horse serum, treatment was carried out by the divided dose method, 
serum being given at two to four hour intervals Defen'^escence in these 
twenty-five cases occurred in an average of 22 6 hours from the begin- 
mng of treatment In twenty-six cases treated with unconcentrated 
rabbit serum, defervescence occurred in an average of 1 3 8 hours How- 
ever of these twenty-six cases, sixteen received the full therapeutic 
amount of serum in less than two hours, and in this group defervescence 
occurred on the average in 9 3 hours 
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The same method of intensive therapy has been apphed to the treat- 
ment of pneumonia due to other types as well Table III shows the results 
obtained m forty-eight cases In many instances the full therapeuac 
dose of serum was given at one injection shortly after the patient was 
admitted to hospital In the remamder, treatment was completed withm 
eight hours The average time required for defervescence was only 9 75 
hours In practically all of these cases the skin test with the specific 
polysaccharide was employed to determine when sufficient serum had 
been given 

The effective amount of rabbit antipneumococcal serum varied from 
case to case, and at present no definite rules regarding dosage can be 
stated We feel that in the adult patient with uncomphcated Tjqie I 
pneumonia of not more than three days’ duration, a dose of 125,000 
umts should be given as soon as possible After the third day a somewhat 
larger initial dose should be given, particularly if the consolidation in- 
volves more than one pulmonary lobe, or complications such as bacte- 
riemia are known to be present 

The favorable results which have been obtained in this relatively 
small series of cases have probably been due in part to the admimstration 
of a highly potent serum and in part to intensive treatment controlled by 
an accurate method for determining the required dosage 
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ADDRESS OF THE RETIRING PRESIDENT^ 


James Alexander Miller 



|y duties and responsibilmes upon this occasion are rela- 
tively unimportant and what I have to say \\ill not detain 
us long from the main object of this annual meeting 
which is to usher in a neM administration of the affairs 
of the Academy 

A very brief summary of our activities during the past year is, how - 
ei’^er, in order, but the details are contained in the various reports w hich 
have been presented to you this evening by title and w hich w ill be pub- 
lished in full in the regular annual report of the Academy I trust they 
will rcceue from the entire membership the careful attention which 
they deserve 

The Trustees under the able chairmanship of Dr Niles ha\ e managed 
the business affairs of the Acadeni) w ith great dei otion and skill Our 
financial resources have been conseri ed w ith considerable success in the 
face of the great difficulties imposed bA the general economic unccrtainu" 
and particularly and due largeh to the efficient management of our 
Comptroller, Mr Eberle, the Trustees ha\ e been able to place our im est- 
nients in real estate mortgiges upon an cxtriordinarih sound basis 

The general financial situation of the Acadenaa has been the subject 
of great concern and the most careful study during the enure \ car The 
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expanding actn itics and responsibilities of the Academy call for financial 
expenditures beyond our regular income The Council and Trustees 
believe that these expenditures can not be materially curtailed without 
serious handicap to the program to which we arc committed It was 
determined therefore to make a systematic attempt to increase our in- 
come Through a special committee, of which Dr Krech is chairman, 
this effort has been very successful, but we still need additional funds, to 
obtain wdiich the actn ities of this committee will be continued I bespeak 
the even greater co-operation of the members of the Academy in order 
that this committee may attain the objects in mind 

Although It has been the opinion of the Council that all of the present 
activities of the Academy are important and essential, in vietv of the 
budgetary situation and also in accord w ith sound policy, the Council 
has authorized a very thorough-going study of all of the Academy 
activities Through a large committee, divided into several subcommittees 
and under the general chairmanship of Dr George Baehr, this analysis 
IS now being made and its results will be available soon and will serve as 
an accurate basis upon wdiich to formulate both the program and the 
budget for next year 

A quite unexpected and serious problem has recently been presented 
to the Trustees and Council by a request from the Federal Bureau of 
Internal Revenue to show'" cause wdiy the Academy of A'ledicme should 
longer be exempt from taxation At first it did not seem that this could 
be a serious request as the Academy ever since its original organization 
in I S47 has been ex'empt from all taxation as a quasi-public educational 
institution This request soon developed, how'^ever, into a very serious 
and determined effort and it w'as only by the most detailed and skillful 
piesentation of our case by our Director, Dr Flartwell, and our legal 
counsel that our continued exemption from taxation wxas finally allow^ed 
It IS, how^ever, important that all of our members should be made aw^are 
that the only basis for this favorable decision wxas the evidence presented 
of the large amount of education and of service that the Academy renders 
the community as a wdiole It wws the occasion for great gratification 
that a very large number of persons important in both public and private 
life in New'' York rallied to our support and offered the most enthusiastic 
testimony to the invaluable services that the Academy is rendering to 
the community This incident should serve as a serious wxarning to future 
officers of the Academy and particularly to those members wdio have 
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entertained doubts concerning the wisdom of our polic}'' to extend our 
services to the public as well as to our own membership 

As to the regular acuvities of the Academy I will comment \erv 
briefly and only to state that the w'^ork of the Librai:^*, of our Medical 
Education, of our Public Health Relations, and of the Medical Informa- 
tion Bureau have, under the direction of our various committees con- 
tinued to operate upon the high level of efficiency w hich w c ha\ e become 
accustomed to expect 

I may, how'^ever, take this occasion to emphasize the great success of 
the Committee on Education in the development of the Graduate Fort- 
night and the Friday Afternoon Lectures, and also I am personally 
particularly grateful for the inauguration of a new policy concermng the 
programs for the Stated Meetmgs Largely through the iniDame of a 
subcommittee of which Dr Chace is chairman, these meeungs have been 
transformed from a mghtmare for the presidmg officer to an occasion of 
great pleasure and educational profit AJso, I desire to record my great 
satisfaction in the action taken by the Academy tomght in transferring 
the Medical Information Bureau to the status of a regular standing com- 
mittee of the Academy This activity of the Academy is its most recent 
one and has furnished the occasion for deep searching of hearts on the 
part of the officers and some of our members The Council has now 
however, definitely taken the position that this sen ice is not only a 
proper but also an important actuntv'’ for the Academy to undertake and 
by so doing it has approv ed tiie judgment of our late Director, Dr LinsK 
Williams, through whose efforts this Bureau was originally established 

To a considerable extent the w ork of this Bureau is still m a pioneer 
field and is too little know n and appreciated by our membership as a 
W'holc Its function mav’’ be briefly though inadequately summari/cd to 
consist in providing a clearing liousc for medical information for both 
physicnns and laymen and especially to interpret new steps in the prog- 
ress of medical science and to guide the method of its communication 
to the public, especially through the public press and the radio In addi- 
tion, the Bureau his orainized a v cry successful annuil senes of Lectures 
to the Laity 

This program presents many new and at times knotty problems and 
to meet them the Committee and its executive sccrctirv arc iidtd b\ ’ 
special staff of experts in every field of medicine selected from the 
membership of the Academv 
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By sanctioning this Bureau, the Academy has placed itself upon the 
side of general public education in medical matters and has discarded the 
theory that medical know ledge should be confined strictly to the medical 
profession Mistakes and misinterpretation wnll inevitably occur in this 
field but It is not only my personal belief but also that of the Council 
that the program as a wdiole is most useful and is destined to be increas- 
ingly valuable by fostering better mutual understanding betw een physi- 
cians and the public which they scr\c It is certainly in line with the 
spirit of the times and this w as one of the public scr\ ices of the Academ) 
w Inch favorably impressed the Bureau of Internal Revenue in its recent 
in\ estigation of our actn itics I hope that more of our members wall 
get to know’- and understand this Bureau better 

A^Hnle w e are considering the relations of the Academy to the public, 
I w ould like briefly to touch upon another aspect of this question 

I ha\ c frequently been asked, “\Vhat is the position of the Academy 
of Medicine regarding the seething discussions w Inch arc going on con- 
cerning w’hat is rather loosely termed. Socialized Medicine’” 

As I understand it, it is the policy of the Academy not to participate 
actively in any discussion of the social and economic problems which 
concern primarily the organization of medical practice cither in relation 
to society as a w hole or to the State This is the function of other duh 
authorized representatu es of the medical profession 

As individuals, howcicr, we aic of course deeply concerned espe- 
cially W’hen the situation has developed that our profession is classed as 
a trades union and is indicted for maintaining a conspiracy in restraint 
of trade ^^^e are indignant at the grossly unfaii position into w Inch these 
charges have forced us and w e believe that this feeling is shared b\’ most 
of the laity wnth w'hom w'e come in contact in our practice As an 
Academy, how^cver, w^c have no intention of jumping into the arena, 
but that a situation is developing wdiich may have serious consequences, 
not only for the medical profession but also for the public wdiich w’e 
serve, there can be no doubt 

It w'-ould seem to me that as an educational institution the Academy 
has an opportunity and a responsibility to be indirectly of great service 
in this matter In the first place w'^e know" that really adequate medical 
service depends upon quality rathei than quantity or methods of distri- 
bution We know the rapid progress that has been and is being made 
both in medical knowdedge and its practical application We also know", 
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none better, that much madequacy and imperfection as m ell as lack of 
knowledge still exist 

It would appear to be the duty of medical educational institutions like 
the Academy to redouble their efforts to remedy defects u hen possible 
and to maintain even higher standards in practice and in ethics than ha\ e 
been achieved in the past The Academy can do this 

In the second place u e can extend our efforts to educate the public 
so that It may better understand, not only what w e ha\ e done and arc 
doing, but also what x\ e have thus far failed to do and w ht The lait\ 
should know something of our difficulties and our problems as u ell as 
of our achievements, should appreciate the fact that real success in this 
difficult field cannot be obtained through legislation or State control, 
and finally should realize that our success or failure in o\ ercoming our 
difficulties means even more to them than it does to us, and that to succeed 
we need their understanding as \\ ell as their help and co-operation 

In a democracy like ours the ultimate pov er is v ith the people and 
they, not the medical profession, x\ill decide this question From oui 
Mintage ground of more intimate knowledge u c can but guide and help 
the people to reach a wise decision Tovard this end v c should increase 
and extend rather than curtail our efforts to educate the public in medic il 
matters This also the Academy can do 

It Avould be impossible to relinquish the office of \ our President 
\\ ithout expressing to you my deep appreciation of the scr\ iccs of the 
executive staff of the Academy and of the v onderful spirit v Inch ani- 
mates them throughout It is they u ho make the Academy u hat it is and 
ve as officeis and members alike can nc\er cease to be grateful to them 
and appreciative of their devotion 

Among such a fine group of people one hesitates to single out am 
one for especial mention It, hoveser could surch not be considered 
im idious to point out that my excciitn e staff rakes its cue from its leidcr 
md in Its leader, our Director, Dr Martwell, both the stiff and the entire 
\cadcniy ha\c come to recognize a pcrsonalit\ possessed of a rirc cnni- 
binirion of efficiency good judgment sympirhcric undcrsnnding polit- 
ic il insight, md cipicitv for hard work For fn c \ cars rhe Acidciin his 
been his niiin, m fact it w ould seem is though it must ln\ c been his sole 
mrcicsr, so deiotcd Ins he constmtK been to irs welfare Tint this Ins 
bten so m spite of great plusicil hmdicips and siitTcring nnkes lus 
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achievement tiuly remaikable and stamps him as a man of the highest 
courage as well as of high ideals The Academy during its memorable 
histoiy has enjoyed the de\oted sen ices of many notable officers, but 
I \cntuic to asscit that none \\ill c\cr he regarded as having been more 
notable oi more dc\ oted than John A Hartwell 

This now brings me to a \ cr\* iinw clcomc task I ha\ c to announce 
that Dr Haitwcll has picscntcd his resignation as Director and that the 
Council has accepted it to take effect April i, 1939 He yill not really 
lea\ c us for his influence m ill long probably alv ays be \\ ith ns, but ve 
aic sad at his going and all of us, officers, staff and members alike, bid 
him God speed and wish him many more years of renew ed health, of 
service, and of happiness 

It w as more than a year ago that Dr Hartw ell presented his resigna- 
tion to the Council to take effect at its pleasure With the inevitable 
prospect ahead that his successor must ere long be found, a special com- 
mittee w as appointed to canvass the situation and make recommendations 
to the Council This committee has w orked ver)' hard and most faith- 
fully Its first objective w as to find a comparatn ely young man wffio 
possessed the necessary qualifications In that they were unsuccessful 
They then explored the possibilities of the older age groups In that the^ 
have been eminently successful and some of us, perhaps because w'e too 
are older, w^ere glad, because w e visioned the Academy as in need of a 
leader of ripe experience and seasoned judgment in these perplexing times 

The committee recommended to the Council the name of a man w ho 
stands very high m our profession as a clinician and as a teacher, who has 
had the experience of diiccting the clinical and research activities of a 
great hospital, wdio has served actively foi many years upon various 
important committees and more recently as a ^^lce President of the 
Academy He has demonstrated outstanding ability'- and also possesses 
peisonal qualities wdiich wall make for understanding co-operation and 
inspiring leadership By invitation of the Council, our Director after 
April first wall be Dr Herbeit B Wilcox 

And now^ my task and my responsibilities are at an end It remains 
only first to express to all of you, officers, staff and members, my deep 
appreciation of the great privilege that has been mine to have served as 
your President during the past twm years These years have greatly 
deepened my appreciation of and affection foi this great institution I 
wmuld that I might have been able to be more effective and if perchance 



Address of the Kettrmg President 


137 


anything of value has been accomplished, it has been only because of 
your splendid and devoted support for v hich I will always be in your 
debt 

And secondly and finally there remains to me a great pleasure and 
privilege, that is, to introduce to you your new President 

I have known him intimately for nearly fifty years I ha\e ne\er 
known him to fail, either in friendship, in character or in devotion to 
the highest ideals of our profession You may be assured that he vill not 
fail you 

Your President' Dr iVIalcoIm Goodndge 
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PRESIDENTIAL ADDRESS" 

M \LCOLM GoODKIDGL 

H \\ n a \ cr^ full understanding of the responsibilit;’- 1 ha\ e 
assumed, in accepting the great honor you ha\ e accorded 
me, in electing me your President 
I am acutely aw arc of my ow n inadequacy to meet 
the standards set by my illustrious predecessors in this 
office However, humilirv'' is a solid foundation for \irtuc, and the ^en 
realization of my limitations is a challenge to my sense of pride, so I put 
all my fears behind me, and assure you I am entering upon my nev 
duties w ith a spirit of determination and enthusiasm w Inch, w'lth \ our 
help wnll o\ ercomc w hat at first seemed to be insurmountable handicaps 
I know eulogy'- is distasteful to Dr Hartwell, because he has told me 
so, nevertheless, I cannot refrain from saying a w ord about him tonight 
I have spent some time recently, studying the history of the Academv 
All of the addresses of its Presidents, up to and including 1S79, that are 
to be found, and many of those delivered since then, I have read, so I 
have acquired knowdedge, not only of the authors of those addresses, but 
also of their opinions of their contemporaries 

I have knowm Dr Hartw ell as a man, as a friend, as a patient, and as a 
physician, I have know n him also as President of the Academy and as its 
Director, so I speak wnth authority, wdien I tell you that in all its niner\’- 
odd years of existence this Academy has never had a person connected 
wTth Its organization wdio has given to it more of himself and gn en to 
better advantage 

He has taught me many things that cannot be learned from books 
He has ahvays had the capacity for making friends In him you find 
kindness, truth, patience, and honor He has been a wase and inspiring 
leader We are going to miss him, but, long after our generation has 
passed on, his spirit wall continue to live in the affairs of the Academy, 
more indestructible than its w'^alls, and vastly more precious 

Nearly a hundred years ago, on the evening of November 18, 1846, 
at the Fourth Annual Dinner of the Society for the Relief of Widows 
and Orphans of Medical Men, held at a restaurant on Broadw^ay, near 
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Prince Street, the idea of an Academy of Medicine A\as born This \\as 
indeed the horse-and-buggy age, not only of medicine, but of science in 
general Let me remind you that the population of what is no^^ the 
Greater City of New York was m the neighborhood of si\ hundred 
thousand, the first railroad tram drawm by a steam locomouve, the first 
Atlantic crossing of a steam-propelled ship, and the use of illuminating 
gas as a means of street-lighting had been introduced but a few years 
before the founding of the Academy, w'hile the first commercial tele- 
graph line in this country w'^as operated between Y'ashington and Balti- 
more in 1844 Oliver A^Andell Holmes reported the infectious nature of 
puerperal sepsis in 1843, and three years later, but a single month before 
the birth of the Academy, "William T G Morton demonstrated the 
administration of ether to a patient on w^hom John C Warren w as about 
to operate, in the amphitheatre of Massachusetts General Hospital 
The prime motive for the formation of the Academy w as not at this 
time the advancement of medical science, but rather the formation of a 
code of ethics to regulate the professional conduct of its members The 
original Constitution, adopted January 6, 1847 reads, under Article 2 
“The objects of the Academy shall be 

“First The separation of the Regular from Irregular Practitioners 
“Second The association of the Profession Proper for purposes of 
mutual recognition and fellow'ship 

“Third The promotion of the character, interests, and honor of the 
fraternity, by maintaining the union and harmony of the regular pro- 
fession of the City and its vicinity, and aiming to elc\ ate the snndard of 
Aledical Education 

“Fourth The cultivation and ad\ancement of the Science bv our 
united exertions for mutual improaemcnt, and our contributions to 
iMedical Literature ” 

So w e see the Academy w as originally started not primanh as an 
institution for the benefit of mankind, but rather as an orgini/ation of 
one hundred twcnt\-one medicil men whose chief aim was ro dnw the 
line shirph betw cen regular pnctitioncrs and those w horn thc\ regirded 
IS chirhtms and Iiumbugs 

The Snnding Committees under the original Consrininon were ap- 
pointed by tlie President ind w ere i Committee on Admission a Com- 
niittcc on Finance 1 Committee on McdiciI Ethics 1 Committee on 
Pubhcition md a Council of Appyil— in keeping with the objcctnes 
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Stated in the original Constitution 

A year later, however, the order of the stated objects was changed, 
so that the cultivation and advancement of the Science, by united exer- 
tions for mutual improvement, and contributions to medical hterature 
was placed in the leading position, while the separation of regular from 
irregular practitioners was relegated to third place 

In 1874, the “Promotion of Public Health” was added to the objects 
of the Academy 

Throughout the first n\ enty-eight years of its existence, the Academy 
of Medicine had no home During most of tins time, its small collecdon of 
books had no permanent resting place On the occupancy of a building 
at 12 West 31 Street, in May, 1875, the Academy finally had a roof over 
Its head There v ere a\ ailablc for the Library four hundred volumes, and 
in June, 1875, a Committee on Library was added to the Standing Com- 
mittees From the time we occupied our first home up to the present 
time, we have been leaders in matters which affect public welfare and 
medical education The Library increased rapidly in size until there 
vere nine thousand volumes on its shelves in 1879, and twenty-five 
thousand in 1885 

The greatly beloved Abraham Jacobi had the vision, in 1885, to point 
out that the people would soon learn to rely on the knowledge and public 
spirit of the profession, and, as it depended on tlie Bar for legal advice, 
would consult the medical profession for sanitary necessities 

About this time, a bill was presented to the Legislature, ordering a 
Board of Examiners to msatute State examinations, and a department to 
license practitioners of medicine, and the Academy of Medicine was the 
motivating force in finally securing such legislation 

Continued rapid expansion produced the need for larger quarters, 
and on November 20, 1890, a new building was opened, at 17 West 43 
Street Oliver Wendell Holmes is reputed to have said, in a letter of 
regret, written for this occasion, “Academies have been too often thought 
of as places of honorable retirement and dignified ease, roosts vhere 
Emeritus Professors and effete men of letters, once cocks of the walk, 
could sit in quiet rows while the fighting, the clucking and the crowing 
were going on beneath them But the Academy which fulfils its true 
function IS a working body It deals with living subjects, it handles un- 
settled questions, it offers rewards for meritorious performances and 
sits in judgment on the efforts of aspirants for distinction It furnishes 
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the nearest approach we can expect to a fixed standard of excellence by 
which the work of new hands and the new \^"ork of old hands can be 
judged There are a certain number of squinting brains, as there are 
of squintmg eyes among every thousand of any populauon We, trust 
It will always be enough for a physician to be able to say ‘I am a Member 
of the New York Academy of Medicme'”’ 

A few years later, on January 22, 1897, the semicentennial vas 
celebrated The list of the accomplishments of the Fellows of the Acad- 
emy during Its first fifty years is too long to enumerate in its entiret)', 
however, they fought for the improvement in the preliminary education 
of matriculants, for State examination as a standard of license to pracDse, 
for increase in the duration and number of college courses and medical 
school mspection, they agitated for new factory laws in behalf of uomen 
and children, for clean streets, for improvement m tenement house con- 
ditions, school houses, Recepuon Hospital, reformation of quarantine 
for the Port of New York, water supply for the city (Croton \\ ater and 
watershed), establishment of the Metropolitan Health Board of the city, 
protection of the Port of New York and the city against in\ asion by 
cholera, and for the establishment of free baths In fact, to quote directly 
from Dr Jacobi’s semicentennial oration, “The responsibihry toward 
both the public and the profession was always deeply felt bv the Acad- 
emy What I could say, fragmentary though it be, should ha\ e con\ meed 
you that the best individual and collective efforts of the profession, as 
represented in the Academy, are being spent in the service of the covi- 
vmmty [The italics are mine] 

“See to It that no personal interest, vanity, or misapprehension inter- 
fere with the progress of medicine It is through our ov n efforts that v e 
overcame the lack of knov ledge on the part of legislators and the oppo- 
sition of medical schools, v hen v e enforced a certain amount of prelimi- 
nary education and the cstablislimcnt of State examinations Sec that 
these, your gams, for they are yours, be not taken avay from you, they 
were conquered m your behalf ” 

Lots on 43 and 44 Streets, directly adjacent to the Academv propcm* 
were purchased in 1910, because of the stcadv and npid grovth of the 
Academy’s actu itics and Library’ 

The majority of us arc familiar with the recent hi‘:tor\ of the Acad- 
emy To the Standing Committees on Adm^sion and Librar\ hat c been 
added the Committees on Public Health Relation'; Medicil Education 
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Sections, and Fellowship, and just tonight. Medical Information M ith 
new problems, new responsibilities have de\ eloped, which, up to the 
present, wc have met W^e moved into this building in 1926, and we ha\e 
since had to build an addition for the rare book room and much needed 
office space Our Libran’-, now o\ cr t\\ o hundred twent)'-four thousand 
books and periodicals, is growing rapidly, and we shall soon need consid- 
erable additional stack room We arc now the fourth medical librar}^ in 
the world, in point of size, and second only to the Army Medical Library 
in Washington on this hemisphere 

I have attempted to give you a brief outline of our history, as we 
approach our hundredth anniversary It is a story of continued progress 
There are, among our Fcllovs, those who think ha\e expanded too 
much and should curtail our activities MT must admit that these are 
troublous times, but, for my parr, I am strongly m favor of continuing 
to be true to the traditions and ideals \\ Inch ha\ c become our established 
principles 

During my term of office, I should like to see a quickening interest 
in Academy affairs evinced by a much larger proportion of FelloAvs and 
Members, especially of the younger group, for excellence in any depart- 
ment can be procured only by the labors of a lifetime 

It IS my hope that we may stir the consciousness of the public to the 
significance of the Academy as a public health counsellor M’e must con- 
tinue our groxvth. Foundations have helped us appreciably because of 
the scope of our activities in behalf of the physician and of the public, 
we have an obligation to those Foundations, to keep faith with them, by 
carrying on in the same direction, and xve have an obligation to the 
people, to keep faith noth them, by carrying on. as they have learned to 
rely on us to do 

The obligations x\'’e have accepted and discharged carry vnth them 
leciprocal responsibilities AVe are, after all, in the same position as other 
institutions of learning, both special and general, such institutions are 
constantly appealing for help, to maintain the forward progress of their 
work AVe xvant to be in position to do better xvork, to meet increasing 
demands upon us If we do not continue to progress, xve shall not remain 
static, we must inevitably give up many of the things xxdnch are so im- 
portant to the community at large AVhat xx'^e hax'^e already accomplished, 
xx^e have just reason to be proud of, but from xxffience xve came and xvhere 
xve are is not nearly so important at this juncture as xxffiither xve are going 
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Han^’ey Society was founded thirty-three years ago 
ffi a by a small group of scientists wTo were interested in 

S TT S stimulating the development of medicine, physiolog}% 
S 3 and allied subjects One of the leaders, the man perhaps 

bESESESHSHSHSa most closely identified wuth the Society, w^as Graham 
Lusk To his desk in the old building of the Cornell Medical College 
came investigators from all parts of this country seeking ad\ice and 
inspiration regarding their problems He w^as interested in many phases 
of metabolism, but the controversy he loved most intensely was that 
which centered about the relationship of the basal metabolism to the 
surface area It was this that inspired our studies on radiation, con\ cc- 
tion, and vaporization and the general campaign was planned by 
Graham Lusk shortly before his death in 1932 w^hich checked but cer- 
tainly did not end the influence of this great leader and rare spirit 
Graham Lusk paid a great deal of attention to heat loss as w ell as 
heat production Betw'^een 1910 and 1933 most students of the respi- 
ratory metabolism concentrated on heat production Since 1933 seieral 
groups in this country and Europe have made intensn e studies on heat 
loss There is a dispute as to wdiich is the better i icw point reflecting 
m a rather amusing manner the constant struggle that is taking place m 
the body betw^ecn heat loss and heat production At certain times of the 
day heat production is predominant and heat loss does its best to catch 
up At other times of the day heat loss is the controlling factor This 
can be illustrated by a diagram w hich show s the cun c for a ni cnt\ - 
four hour period of heat production and heat loss m one of the men 
who works in our laboratory (Fig i) These ciincs were constructed 
partly by temperature measurements and estimations as to actuity 
They arc, therefore, scnii-diagramaric The solid line gn es the approvi- 
mitc heat production, the dotted line the heat loss 
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Fig I — Vn cstim.ition of (lie \arntion‘: mIiicIi occur in (lie daiis life of 
control D, obtained jiarlh In direct inca'uircnicnts on sc\eral dn\s and 
pnrth b\ cstiinntion from calorimeter experiments on other (1a\s The sub- 
ject runs in the Park at 7 00 a m dail\ Ihc other peaks in the cur\e of heat 
production occur when he (raids from his home to the laboraton in the 
morning, engages in the usual hospital actnitics, and nalks home in the 
cicning The lanations m n eight arc caused In meals, loidmg, insensible 
persjiir ition, etc 


The day selected for the experiment was in the winter time and 
started at slx o’clock in the morning with the man asleep in bed in a 
cold room The rectal temperature was low Heat loss and heat produc- 
aon balanced At seven o’clock he got up, dressed, and ran one and 
one-quarter miles before breakfast His basal metabolism was increased 
approximately six-fold, the heat loss was increased only four- or five- 
fold so that a considerable amount of heat ums stored in the body with 
a resultant rise in the rectal temperature While he was dressing and 
taking breakfast, the heat loss exceeded the heat production and the 
rectal temperature fell The curve for the rest of the day showed the 
variations resulting from the walk to the laboratory, work, lunch, and 
the walk home follotved by dmner, modified by the man’s reactions in 
changing his clothing, opening windows, and other processes During 
the night when he was asleep in a cold room, heat loss seemed to assume 
the dominant role He did little or nothing to control the situation, 
and if his basal metabolism had not been set at a certain level he would 
have been as cold as a corpse before the night was over 
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Fig 2 — nnlancc between f ictor* increasing beat proflurtion and beat loss 

Another diagram (Fig 2) which summarizes the ^^hole situation is 
introduced at this point to bring out the multiplicit}’’ of factors Heat 
production is placed on one pan of the balance, heat loss on the opposite 
pan When the man is quiet in a w arm room the basal heat production 
and loss equal each other and the body temperature is at its normal point 
of 37° C When any other factor is added, the balance is temporarilv 
altered until an equal addition on the other pan restores equilibrium 
Heat production takes place only through the agencies of the combus- 
tion of carbohydrate, fat, and protein, heat loss through radiauon, 
contention, and taporization When any one of these three Hetors 
changes on one side of the balance there is a readjustment of the other 
tt\ 0 factors The details of these adjustments form the basis of this 
discussion The major part of the problem is purely phvsical, but the 
conditions arc frequently altered bv pin siologic'>l changes and it is 
impossible and perhaps unimportant to make anv sharp dtstinction bc- 
tneen physics and phtsiologc It is ncll houcter to consider fir-r 
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the body as a physical mass with an average internal temperature of 
37° C, slightly tvarmcr than tins in certain organs Since the body con- 
tains considerable amounts of fat and bone with low capacities, its 
specific heat is about o 82, and a man tveighing 70 kg is thermalh 
equivalent to 57 kg of distilled winter The surface of the man is en- 
cased in a layer of skin and subcutaneous tissue wdneh is unusually 
efficient as an insulator against heat or cold The specific conductnit)' 
of cork IS o 0007 gm cal / sec / cm '/ cm , epidermis, subcutaneous fat 
and muscle tissue are slightly better insulators wuth conductnmes be- 
tw een o 00047 and o 0005 The actual surface, as I shall explain later, 
IS almost a perfect radiator or “black bodv” in the language of the 
physicist On account of the configuration of the human body the 
surface area is large, for a 70 kg man, about i 8 square meters Within 
I cm of the surface of such a man there is a mass of tissue wduch w eighs 
about 15 kg , about one-fifth of the total weight AAdien a naked man is 
exposed to an atmosphere of 22° C (72° F) there is a constant loss of 
heat through the surface wduch assumes an average temperature of 
about 30° C This means that there is a gradient from the interior of 
the body to the surface, on an at erage 18 — 25 cm deep, but it may 
in some places be as great as 10 cm Inasmuch as the extremities have 
relatively small diameters and are situated at a considerable distance 
from the central heating apparatus of the body, their temperatures under 
cool conditions are considerably below'^ the temperature of the central 
mass In addition, the surface of the body is constantly moist, e\en 
wffien there is no activity of the sw'^eat glands '\^^ater from the moist 
interior seeps through the epidermis 

Of course man is more than such an inert mass of physical com- 
ponents There is a constant production of heat in his muscles and 
organs This heat is transferred to all parts of the body by means of 
the blood stream, tvarm blood coming from the muscles and the organs, 
cooler blood from the surface, producing relatively colder streaks as it 
passes through the veins of the extremities In addinon, there is a beau- 
tiful system of control of the blood floxv to the surface so that the body 
can, when it is too cold, change the skin into a suit of clothes just as 
efficient as wool or cork ^^^hen the need for increased dissipation of 
heat arises, the body can pour quantities of blood into the deeper layers 
of the skin so that the inner side of the epidermis attains a temperature 
equal to that of the warmest portions of the body At the same time 
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when the sweat glands pour out water, it can keep the surface moist 
enough to permit huge losses Every gram of v^ater \ aporized from the 
surface of the body withdraws o 58 calories through the latent heat of 
vaporization Also, the body can change its heat production from a 
basal level of say 60 calories per hour to a level of more than 800 calories 
per hour by means of violent muscular evercise 

The skin is an organ beautifully adapted for its purpose The tough 
epidermis is perforated by sweat glands, and beneath the Malpighian 
layer there is a rich plexus of capillaries, arterioles, and \ enules so that 
there can be a tremendous increase in the blood flou Aloreoier, the 
skin IS provided with sense organs for heat and cold, haiing a delicacy 
which w'-as not suspected until Hardy and OppeP proved that the slun 
of the forehead could detect changes of 0 003 ^ C in three seconds 
when exposed to heat, with slightly lower sensitivity when exposed to 
cold 
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Thc importance of the surface area of the body is clcarh brought 
out in Fig 3 which is a simplification of the rather complex ph\sical 
formulis for heat loss by radiation, comcction and \aporization 
New ton’s Law of heat loss considers only radiation and con\ ecnon 
Radntion is proportional to the temper iture of the surface of the object 
minus the temperature of the surrounding objects or air multiplied b\ 
the surface area, corrected for the character or ph\ sical blackness of 
the surface In the case of cons cction air mo\ ement is of prime impor- 
tmcc but this docs not affect ridiation For ridiirion the Srcfan-Bolr/- 
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man Law is more accurate, involving the fourth powers of the absolute 
temperatures of the surface and of the surrounding objects These 
figures are obtained by finding the levels above the absolute zero, 
— 273°C For small differences such as we are discussing, the simple 
Newton Law is sufficiently accurate 

Vaporization is more complc\ depending on the difference between 
surface temperature and air temperature, or rather on the difference 
between the vapor pressure of the air immediately in contact with the 
slightly moist slun and the vapor pressure of water in the surrounding 
air, which is the expression of its humidity Air movement is an im- 
portant factor Under ordinary condmons, about nvo-thirds of the 
wmter vaporized comes from tlie whole surface of the skin, one-third 
from the respiratory passages The depth and frequency of respiraaons 
may become factors though they are not especially important 

It will be noted that each one of these modes of heat loss is pro- 
porDonal in some way to the total surface area of the body and this 
apphes with modifications to all warm-blooded ammals, birds as well as 
mammals I have not ame to go into the question of the surface area 
law but I shall refer you to Benedict’s boolc on VjmI Enejgettcs' which 
compares calories per square meter of body surface for a large number 
of V arm-blooded ammals Most of these show approximately the same 
level of basal metabolism per umt of surface area A few are quite far 
off the line I do not knoM'’ where or when the various species of ammals 
were given their basal metabolism Perhaps Noah did it when they left 
the Ark I suppose that the reason he could not do a uniform job with 
the ammals was because he did not have scales small enough for the 
d\varf mice and large enough for the bull, the horse, and the elephant 
The subject deserves more study 

There are a fen^ rmnor heat losses ■which should be mentioned The 
warming of food and drink is relatively unimportant Conducuon 
{Leitung of the Germans) or the transference of heat through solid 
objects IS a factor if a man hes on the cold ground Locally it becomes 
mamfest when one touches a metal object and heat is transferred so 
rapidly from the skm that the object feels much colder than its non- 
metallic surroundmgs which are at the same temperature In most of 
the older physiological literature the term conduction apparently in- 
cludes heat loss by convection I searched many of the textbooks of 
physiology before I found any mention of convection 
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In our experimental procedures we have reduced conduction until 
It IS practically zero Heat lost in warming the air from the lungs has 
been added to the convection from the surface of the body and the 
vaporization from the lungs measured together with the vaporization 
from the skin. 

When we made our first calorimeter experiments we were under 
the impression that radiation was the most important channel of heat 
loss Later we discover that it is important chiefly under basal or quiet 
condiuons Soil it is a constant factor desennng of much more attention 
than It has received 

The study of heat loss is probably as old as the hiUs In a prei lous 
highly scientific publication I was able to prove that the mam facts v ere 
discovered in the Garden of Eden by Adam and Eve within twent)*- 
four hours of their creation They probably learned a good deal more 
when they took to clothmg and manual labor Civilized man has de- 
veloped a good practical knowledge of the subject, not quite as good 
as that of the Eskimos who are still m the early Stone Age I suppose 
Newton was the man who did most on the subject of heat loss It was 
Rubner who first grasped the real significance of the subject as far as 
man was concerned He published m 1 896^ a table giving the measured or 
estimated radiation from a man producing 2700 calories a day, together 
with the estimated losses from convection, radiation, and the v arming 
of food, and this is about the only table that has been published in the 
textbooks His methods are not stated, but he grasped the essential 
points and made allowance for the fact that radiation does not depend 
on the total surface of the body but rather on its profile surface accord- 
ing to Lambert’s Law There is, for example, no loss of heat by radiation 
in the axilla or between the legs Rubner’s table of the partition of heat 
loss applied only to the special case of a man who was active enough to 
produce 2700 calories a day under special atmospheric conditions His 
data were probably faulty, but Rubner was a genius who could dr-^w 
correct conclusions from inaccurate and incomplete data w hcrcas most 
of us draw incorrect or incomplete conclusions from data that arc 
accurate 

Lefevre'* in France was a pioneer in this field of iicar loss In more 
recent years Cobet and Bramigk® and Bedford and ^^'lrnc^'^ ha\c made 
good use of radiometers The work that wc found of most help was 
contained in the neglected publications of .Mdnch of the Snmh‘^onnii 
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Institute He studied the surf.icc tempernture, radiation, and convection 
of school childien but Ins instrument was rather bulky and slow The 
long senes of studies by Bohnenkamp'' and his associates in Grafe’s 
clinic in ^^'urzburg have been most stimulating Bohnenkamp w'as realh 
the first man to emphasize the importance of the profile or effeeme 
surface area in relationship to radiation and this effcctne surface which 
amounts to 80 to 85 per cent of the total surface has been appropriately 
called the “Bohnenkamp surface ” He brought out a good deal of eu- 
dence to show that heat loss as determined by effective surface area 
IS a factor in setting the level for heat production His radiometer had 
se\ eral faults of construction and many critics have pointed out errors 
in his w ork, focussing their attention on these errors rather than on the 
stimulating originality and significance of his mam conclusions 

Since we ha\c been engaged in our own studies se\eral important 
publications ha\c appeared Burton" working wuth a calorimeter in 
Murlin’s laboratory in Rochester has used a jacket made of resistance 
w ires to measure the changes in skin temperature and has drawm \ alu- 
able conclusions regarding the temperature gradients and the surface 
of the body \Ahnslow, Herrington and Gagge’", using the splendid 
equipment of the Pierce Laboratory in New Haven, have been able to 
study the heat losses under a large variet)’' of environmental conditions, 
securing wude differences betw een the relatn'c proportions of radiation 
and convection Their w’ork has been characterized by a careful analysis 
of all the piiysicai factors They have brought out the conception of 
operative temperature and degree of w etness of the body, and they have 
developed the study of the conductance of the skin Their papers will 
serve as a basis for the scientific study of air conditioning 

Time does not permit more than a superficial review'^ of the literatuie 
wTth all of Its ramifications For example, it is impossible to cover the 
studies of Benedict and Carpenter of the Nutrition Laboratory in 
Boston wdio have been publishing on the subject of direct calorimetry 
since the days of the first Atw^ater-Rosa-Benedict calorimeter and have 
made valuable contributions on the subjects of skin temperature and 
heat loss by vaporization The wmrk of Bazett, AlcGIone and Burton^^ 
on the temperature of the muscles and subcutaneous tissues and tempera- 
ture gradients is of fundamental character The heating and ventilating 
engineers, especially Houghton, Sayers, Yant and Yaglou of the U S 
Bureau of Mines and Barker of England, have made studies of the 
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subject from a theoretical as well as a practical standpoint Levine and 
Gordon and their associates^-, working first at the Nurser)^ and Child’s 
Hospital and later at the New York Hospital, by means of exceedinglv 
careful and detailed studies, are furnishing the data for heat loss of small 
children, a field of clinical as well as theoretical importance Hick, 
Keeton, and Glickman^® in Chicago are making many studies of i arious 
physiological manifestations at different temperatures Deighton” in 
1955 wrote an excellent review of physical factors in body temperature 
and heat elimination Perhaps the best \\ ork on the subject, a work too 
much neglected, is that of Leonard HilP^ published in 1916-1919 Many 
of the points that he brought out in these publications are being redis- 
covered at frequent intervals 

Graham Lusk and his associates in the Department of Physiolog)’ of 
Cornell University Medical College have contributed a long senes of 
papers on animal calorimetry starting in 1912 Tlie Russell Sage Insti- 
tute of Pathology, of which Graham Lusk was the Scientific Director, 
had been working since 1913 with an Aruater-Rosa-Benedict respira- 
tion calorimeter which measured heat production by the methods of 
indirect and direct calorimetry The indirect or chemical method ga\ e the 
total heat production with the details regarding the proportions of pro- 
tein, fat, and carbohydrate oxidized every hour The direct method ga\ c 
independently the calories lost in vaporization and lumped together 
the calories of radiation plus convection The sum of these, corrected 
for calories stored m or lost from the body, indicated tlic total heat 
production, using physical rather than chemical measurements In tlie 
long run the txvo methods checked satisfactorilv and served as an indi- 
cation of mutual accuracy The calorimeter was emplo\ ed for nineteen 
years, chiefly in a study of heat production, but about 1931 uc de- 
veloped a great curiosity regarding the mechanism of heat loss, hai ing 
published some data xvhich were difficult to explain For example Barr 
and Du Bois'® in 1918 in the study of malaria had stated tint it vas 
possible for the skin to give off more heat u hen it u as cold than u hen 
It was warm This seemed to be a \ lolation of Neu ton s Lau of cooling, 
and It brought forth a number of stinging comments w Inch could not 
be dodged After all we knew \er) little about the partition of licit loss 
from the human body Heat, perhaps the most important end product 
of metabolism, had been neHcctcd because there was no satisfacrorx 
method of di\ idmg radiation from con\ cction 
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range of wave lengths from the very short cosmic ra) s and \-rays on 
the left to the Jong infra-red and radio n a\ cs on the riglit The radiation 
from the sun as siioun in the highest peak starts in the ultra; loler 
reaches its maximum in the Msiblc range, and is shut off by the earth’s 
atmosphere a short distance below the red at a w a\ e length of about : to t 
/t The radiation from a red hot stoic bemns in the red and extends 
into the far infra-red TJic human body has a much lower temperature 
and therefore its emissions hax e w avc lengths w Inch fall bctw'een 5 and 
2o/t with a summit of about pB These waxes are stopped man; 
substances, such as glass, through winch the sun’s rays penetrate with 
case The; fly outw ard w ith the speed of light in straight lines 

From the standpoint of radiation a “perfect black body” is a sub- 
stance w Inch reflects no rays, transmits no rays, but absorbs them all, 
or, if the heat be traxeliing in the opposite direction, radiates them all 
In the xisible range such objects necessarily look black to the cx^e but 
XX hen it comes to the infra-red, color docs not count Hard; and 
Muschenheim’’’ in this range found no essential difference betxx'cen the 
skins of XX hire men and coal black negroes In a dark room in the middle 
of the night xx^c arc all black 

Thex found that human epidermis, ex en in layers that arc cxtremelx^ 
thin, blocks off almost completely the passage of infra-red rax's longer 
than 3ft The human skin comes xx'ithin i or 2 per cent of being a 
perfect infra-red black body radiator This confirms the findings of the 
majority of prexuous invcstigatois and refutes some of the more recent 
xvork The blackness of the skin is of considerable phx'^siologic impor- 
tance and It IS particularly fortunate for the inx cstigator since it 
enables him to calculate skin temperature from radiation 

The surface involved in tiic measurement of radiation is the profile 
or “Bohnenkamp surface” xx Inch in the case of a man in mihtarx' or 
mummy position is very close to 80 per cent of the total surface as 
measured by the Sage Height-^’l^cight formula When a man squats xx ith 
his knees close to his chest he can reduce his effectix e surface until it 
IS only 55 per cent of the total surface 

One of the most important factors is the surface temperatuic and 
the literature on this subject is enormous Many years ago G N Stew art 
pointed out that it xx'^as easy to measure the skin temperature but that 
It XX as hard to knoxv xvhat to do xxnth it Dr Hardy has said and prox ed 
that It IS x'^ery difficult to measure skin temperature but easy to know 
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what to do when you have it In a senes of careful e\periments he 
demonstrated that the commonly used surface thermometers v hich are 
partly in contact with the skin and partly in contact v ith air or solid 
substances are subject to many errors His method of using a radiometer 
to find the skin temperature without touching the skin is now generalh 
accepted as the only method that gives absolute readings, although the 
other instruments may indicate differences with sufficient accuracy for 
clinical purposes Dr Hardy’s applications of his evact measurement of 
skin temperature are so numerous that they \\ ould fill many chapters 
Suffice It to say that they form the foundation of this report 

fust as important as the temperature and radiating properties of the 
skin are the temperature and character of the objects towards w Inch the 
body radiates In most rooms the air and walls are at the same tempera- 
ture and the \valls are fairly good black bodies In many rooms there 
are spots of heat on radiators and spots of cold at the w indow s \\ inslow , 
Herrington and Gagge*“ have made use of a combination of cool air 
and cool polished avails avhich reflect radiation from an electric sto\ e 
The experimental subject sits in a comfortable chair surrounded by 
polished copper avails, and tlic stoa es reflect, from the polished copper, 
radiant heat avithout materially raising the temperature of the air The 
Neaa Haven invcstisators have been able to make a series of studies 
aaith the different radiating temperatures and haac ingcmoush’ calcu- 
lated the “operatia'e temperature” under mana conditions 

Comection depends chiefly upon the rate and character of the 
movement of the air o\ cr the surface of the bod\ The flow mav be 
uniform or turbulent, steady or intermittent Losses b\ conaccrion 
increase ripidla wath the rate of moxement of the air but Leonard Hill' 
has show n that after a certain point the cun c flattens W icli speeds 
gicircr than 30 meters a second approximatch 70 miles an hour 
there IS no greater loss of heat through con\ ecnon because the particles 
of nr mo\e so fist tint tlic\ do not line time to take up more lieu 
llill points out tint this nii\ be some consolation for motorists In 
spite of the genet il belief to the contrirx the humiditi of nr has 
piictitilh no effect on the loss b\ comection ind nietil objects lose 
licit It the snne rite whether the nr be humid or dr\ With niinnls 
luimiditi would ifTcct comection second inli bee nisc it modifies 
\ ipori/ition ind dinipness probibK mikcN the clothing or fur 1 Iicttcr 
conductor of lieu 
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The Study of perspiration is fascinating and Kuno^° of Japan has 
written a book in English on this subject Inhabitants of northern 
climates possess two or three million sweat glands, those who dwell in 
the tropics about a million more On the hands, feet, and axillae there 
IS a continual slight activity of the glands Over the rest of the body 
the eccrine sweat glands are called into acnon when needed to dissipate 
heat There are some areas, such as the palms of the hands and soles 
of the feet, which respond promptly to emotion but lag behind when 
the rest of the body is trying to lose calories The apocrine sweat glands 
m the axillae and pubic regions are a good deal of a nuisance because 
they secrete those specific aromatic substances which contribute more 
than their share of body odor The eccrine glands over the rest of the 
body are man’s safety valves in hot weather and there is no one human 
attribute of more importance than the ability to sweat skilfully 

In cold weather the humidity of dwellings is always low and there 
IS such a large gradient between the vapor pressure of the skin and air 
that vaporization is rapid Even a large rise in the percentage humidity 
of a room at 20° C (68° F) makes very little difference m vaporization, 
and after all, vaporizaaon at this temperature accounts for only one- 
quarter of the total heat loss 

I have reviewed the fundamental laws of heat loss in the light of our 
present understanding but I must confess that when we started work 
there was a great confusion in the literature and in our own minds It 
was only as we progressed from experiment to experiment and com- 
pared our results with those of others that the subject became relatively 
simple We have been forced to change our views many times and are 
fully prepared to change them every year It was m 1932 that the 
Russell Sage Institute of Pathology moved its calorimeter to the New 
York Hospital where a room had been provided with adequate tempera- 
ture control In 1934 the radiometer had been fully tested and we were 
m a position to make the first studies in which heat production, total 
heat loss, radiation, convection, vaporization, surface temperature, and 
storage of heat m the body could be measured accurately AVe were 
confronted with many variables and decided to reduce them to a mini- 
mum In order to keep heat production constant it was necessary to 
work with subjects under basal conditions In order to measure surface 
area and skin temperature we decided to use naked subjects In order 
to eliminate conduction we employed a bed made of fish line, using a 
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small folded sheet under the hips and shoulders and a small towel 
under the head Since the men w'^ere lying close to the bottom of the 
calorimeter and the currents of air were directed across the top, con- 
vection was reduced to the lowest possible level The velocity of air 
near the surface of the body was too small to be measured by dehcate 
anemometers or appreciated by the skin There remained, how'ever, a 
natural convection current due to the w’^arming of the air by the man’s 
body It IS necessary to emphasize these points because other obsen ers 
have used patients after food mtake and in different positions Any such 
departure from the basal, causes wide differences in the results 

Our main studies were made on two normal men and three normal 
women, supplemented by a small number of experiments on other 
normal controls including nudists 

The routine for the day was as follows The subject of the experi- 
ment came to the laboratory about nine o’clock, havmg eaten no food 
since the previous evemng He sat in the calorimeter room at the ex- 
perimental temperature for about an hour, and then as he undressed 
surface temperature readings w'^ere made at tx\ent)’- different areas on 
the skin He was then weighed and his height measured so that w e could 
calculate surface area Next, he was placed on the calorimeter bed, the 
electrical thermometer inserted 1 2 cm into the rectum, and the radio- 
meter hung on the inside of the calorimeter About eleven o’cloclv 
the box w’’as sealed and the preliminary period started About tw cl\ e 
minutes before tw'clve o’clock, after an equilibrium was established, 
the man wxas instructed to start the second scries of the skin temperature 
readings This he accomplished by poinnng the radiometer at the same 
twenty spots of the surface These measurements required about two 
minutes and involved the expenditure of i to 2 calorics Next follow cd a 
quiet period of ten minutes, and the first experimental period w as started 
at about noon During the first hour the man la\ motionless At one 
o’clock this basal period w as terminated and a transition period of 
rw entv’’ to thirt\ -fi\ c minutes started at the beginning and end of w Inch 
we measured surface rempenturc once more This was cometimes fol- 
lowed b\ 1 second bisal hour, but in a good ni'^ne c'penments a new 
fictor was snrtcd in the tnnsition period sucii as modcncc work or 
the use of the electric fin In the colder experiments the procedve v as 
modified so that the tnnsition period accommod'>ted itself to t’le spo i- 
nneous chill The subjects becimc \en skihul in enn!! us ■" -^rnno; 
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Fip 0 — Skin incl rectal temperatures of sul))cct D, during bisil 
espenments it diftcrcnt cnMroniiicnt il tem])eraturcs 


al)out ten minutes before the chill became inevitable After the third 
period, terminating about 2 30pm, we measured surface temperature 
once more, and the man was taken out of the box and given a much 
needed breakfast 

The first problem was to determine the basal heat production and 
heat loss over the greatest possible temperature range We could 
not use room and calorimeter temperatures higher than 36° C (97° F) 
because the sweating would be too great for us to measure accurately 
in our calorimeter We could not go below 22°C (72°F) because it 
tvas impossible for the man to remain quiet long enough before having 
a chill This IS ordinary room temperature, and it does not seem cold 
to us who are clothed and moving about, but it does feel cold when 
you are lying motionless with an empty stomach and a naked body 
Even trained artists’ models and nudists shiver under these conditions 
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Fif, 7 — Clunpts in licit production md licit cliiiiimtion for two mile 
siilijccls durinp the h i«; d |)criods with incrcinnp c ilonmetcr temper i- 
tiircs 151 ink toliiinns on left licit |)rodnecd coliiinn'. on riclit licit 
cliiiiinitcd \ , upon/ ition C, concretion I! ridiition 


Ha\ing secured the basil metabolism in the first experimentil 
period It was easy to add for compirison the other factors prcMoiisI\ 
mentioned The basal periods ere fairly simple, but w hen it came to 
chills evcrvmne was busy, almost as bus\ as the man who w is hating 
the chill Personally I find it much easier to hate a chill than meisurc 
one When the experiment was o\er it required a pirticularK long 
series of calculations to determine ridiation It was neccssir\ to find 
the aterage surface tempenture md cfTectnc surf ice area of each pirt 
of the bods Fig 6 gites the at erage tempenture for one of the men 
mcisured after he had been h ing naked md motionlass for z to t, hours 
The strught diagonal gites the air tempenture the top line the rccnl 
tempenture In the w irm /one of C (qz, F) all tempentures are 
within ; t degrees ot eieh other In the eold cxperinicnte the diffcrenee's 
ire great md the teiiipernurc emi fall in lirge misses ci} bodt tissue 
without miternllt ilTeeting the rtcnl tempenture The feet are almost 



as cold as the surrounding air In fact, the surface of the toes is usually 
I or 2 degrees belotv air temperature Their constant moisture causes 
excessive cooling They look and act hlce good radiators 

Fig 7 gives the results on the two men who have been studied at 
frequent inten^als m the calorimeter The first blank column for each 
experiment represents heat production as measured by oxygen con- 
sumption It Mull be noted that the basal metabolism was surprisingly 
level with no sign of Rubner’s “chemical regulation ” Even at the 
coldest temperatures it did not rise until about five minutes before a 
frank chill The second columns show heat loss divided into radiation, 
convection, and vaporization Inasmuch as radiation depended on the 
temperature difference benveen the surface of the skm and that of the 
walls, the heat loss by radiation diminished uniformly with rising 
temperature until it disappeared completely when skin and walls were 
at the same level 

Convection showed no marked diminution until 32° C Like radia- 
tion It disappeared when the air was as warm as the skm 

Vaporization accounted for 18 to 20 per cent of the heat loss at the 
lower levels, 25 to 40 per cent in the middle zone, increasing rapidly 
above 31° C until it was obliged to take over 100 per cent of the heat 
loss at 35° C, since radiation and convection had fallen to zero 

The temperature range studied must be divided into three zones The 
warm zone above 30° C is a region of discomfort because the skm is drip- 
ping sweat The man is too hot and the balance between heat loss and 
heat production is made but poorly There is a region betiveen 30° C and 
28° C where the heat loss is equal to the heat production This is the so- 
called comfort zone, and it is comfortable because the body is able to 
make quite easily the physiological adjustments which mamtam equilib- 
rium In the warm part of this zone the amount of blood flowing to the 
skm IS so large that a great deal of heat is carried close to the epidermis 
The sweat glands are not called into action In the colder part of this 
comfort zone the blood flow to the surface is so greatly diminished that 
the skin has become as good an insulator as a suit of clothes 

Below 28° C IS the zone where heat loss inevitably exceeds heat 
production if the man remain m the basal state As the atmosphere grows 
colder, vaporization and convection remain about the same but radiation 
increases and there is nothing that the naked body can do to check this 
loss At the lower limit of the comfort zone there had been a maximal 
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Fig 8 — Clnngcs in factors in\ol\c(l in licit lic-s regiil ition with 
incrcising calorimeter temperntures 


constriction of the subcunneous \ csscls Tlic skin hid become a suit of 
clothes but even t suit of clothes his its limitations Below this le\ cl the 
living body loses heat like an imnimite object Some people, cspecnlly 
tnincd nudists, boist of their ibilirv to stind cold w either but nudists 
possess no imgic that will interfere \\ ith the hw s of radntion 

Fig iS brings this out m i more graphic form gmng once more 
the tempenture nnge from :: to is® C The top line shows the rcctil 
tempenture shffhtly lower in the cold /ones thin in the winner Tlic 
skin tcmpcriturc, how c\ cr is much low cr in the colder /ones w ith a 
Cline which flittcns out in iir ibo\c ti' C The licit loss is far ibo»c 
the bisil licit production in the colder /one the i '‘pon/^inon enne 
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makes a sharp break at the upper limit of the comfort zone about 3 1 ° C 
The line for the conductance of the skin is the most interesting Below 
28° C It IS practically straight and this means that throughout this region 
the skin has just the same conductivity because it is almost bloodless and 
acts like a dead insulator, sliglitly more efficient than cork Above zS"* C 
It IS e\ ident that a neu' factor has been added, transferring heat from the 
interior of the body to the surface and this new factor is, of course, an 
increasing amount of blood Tlie blood flow to the skin can be measured 
by this curve, and it has been found that u ith an environmental tempera- 
ture of 34° C the cutaneous circulation may account for 12 per cent of 
the total cardiac output 

Last year in the Sage Laboratory, Dr Hardy and Dr Milhorat made a 
similar series of calorimeter observations on three healthy normal women 
of average build They lia\ c kindly given me permission to discuss their 
results in advance of their publication The rectal temperatures are the 
same as those of the turn men, skin temperatures a little low er in the cold 
zone, higher in the w arm zone Basal hear production, much to the sur- 
prise of all of us was the same as that of the men in the colder ranges but 
dropped very markedly bct\vecn 28° C and 31 ° C Heat loss which was 
louder than that of the men in the cold /one show ed exactly tlie dip in 
the warmer zone that had been evident in the basal metabolism The 
conductance of the skin was lower than that of the men, as might be 
expected from the slightly greater amount of subcutaneous fat The 
thermal loss or loss of heat per square centimeter of surface for each 
degree of difference bctx\ cen the skin and environment w as absolutely 
uniform both for men and w'omen throughout this range, demonstrating 
the fact 'that the experimental procedure possessed an accuracy that 
compared most favorably wnth that obtained by physicists w orking w ith 
inanimate objects 

This curious dip in basal metabolism in xvarm environments may be 
considered a type of chemical regulation, changing the metabolism with- 
out any change in the physical activity There seems to be no question 
about It since the methods of direct and indirect calorimetry agree almost 
exactly It may perhaps explain the reason that there has been so much 
uncertainty regarding the level of the average basal metabolism of w 0- 
men After all, the differences betw'^een men and wmmen showm in this 
chart are in accord w ith the general observation that wmmen stand cold 
much better than men Perhaps it also brings out the point knowm to the 
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Tift 9 — Dnfrnni sliowinp the fill in tlie a\crige lioih temper itnrc before tlu 
onset of 1 frink cinll Lnder norm il conditions the ehill comes iftcr 1 droje 
of iliniit 0 05° C Mcoliol postpones the dull, uc " iter in tlie stoimdi pri - 
( i])it it( s the dull 

ancients ^'■Vauwu et iimtabile semper ^emma’’'' 

One of the most striking facts in these experiments is the greit excess 
of lieit loss over lieat production in the colder atmospheres ()b\ louslx 
the naked person exposed to air at 22 to 24" C cannot go on losing heat 
indefinitelv The body reacts with a chill which is purely in\oIuntir\ 
Thirteen such “normal chills” ha\c been obserxed in our experiments 
in men and XX omen (Fig 9) ^^’e calculate the ax crage bodx tempcriturc 
f ill, gix mil a x\ eight of 80 per cent to the miss of tissue measured bx the 
iccnl thermometer and the other 20 per cent to the supcrficnl tissue 
lepicsentcd bx”^ the ix crifre skin temperature It is e\ ident that these dulls 
come with surprising regulantx xxhen the axcrigc bodx temperature Ins 
dropped txx o-rhirds of one degree 1 his of course applies onlx to chill 
experiments x\ ith inked subjects under our experiment il conditions If 
1 drink of do cc of brmdx coin lining about 28 cc of ilcohol be guen 
the skin temperiture is riised 1 little the niin feels w inner and the chills 
lie del IX ed until 1 f ill 111 bodx temper irure is limost txx ice is great I his 
mix It first seem like 1 beiieheiil ciTcet but it should be considered as 1 
serious ind peril ips dinucrous mipiirnient of the temperiture regulitiny 
meehmisin If iiisteulof gi\ mg ilcoliol x\ e sulistitute !t'> rieinie rn il 
lee x\ Iter xv e obnin 1 dull long before the dull would be due m the 
nitiu il course of exents 
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We have studied in detail nineteen chills and have compared them 
with the chdls of malaria and the chills following the intravenous injec- 
tion of foreign protein observed by us twenty years ago in the same calo- 
rimeter A sample chill shown in Fig 10 followed a basal hour at an 
envuronmental temperature of 23° C (73° F) When the man came to 
the laboratory and undressed, his average skin temperature was at the 
usual level of 335° C This dropped steadily during the preliminary 
period and first basal hour, the rectal temperature scarcely fell at all 
Between 1 1 a m and noon his basal metabolism was at its normal level, 
about 60 calories, but inasmuch as the surface of the body was losing 
heat, the total heat loss was 28 calories greater than the production The 
man felt no serious discomfort and no tensing of the muscles until 1 1 50 
a m , when he signalled that he felt sure a chill was due in about ten min- 
utes This gave us time to start another period in the calorimeter, and in 
a few minutes he experienced a paroxysm which shook the whole appa- 
ratus This lasted twenty-five minutes and durmg the total period of 
thirty-six minutes the heat production was at the rate of 140 calories per 
hour, exceeding the heat loss by 43 calories Most of this heat was stored 
near the surface, and the skin temperature rose distmctly with only slight 
change in the rectal temperature After the chill the man felt comfortable, 
his heat production dropped to the basal level, but heat loss still remamed 
high, the slan temperature fell abruptly, and he had a second chill a few 
minutes after the experiment was terminated It is interesting to study the 
details of the heat loss m these three periods The total loss was increased 
slightly durmg the chill and all of the increase could be ascribed to a rise 
in convection caused by the clonic movements of the body Radiation 
was decreased because the skin temperature was lower during the chill 
than either of the basal periods This is a confirmation of our much dis- 
puted statement made twenty years ago that the body could give off more 
heat through a cold skin than through a warm skin Until we had the 
radiometer it was impossible to measure convection and none of us had 
the intelligence to realize the importance of increased air movement 
which would inevitably follow shivering 

The effect of moderate work is shown in the second diagram of Fig 
10, a sample of a large number of experiments This observation was 
performed in the comfort zone at 30° C The rectal temperature was 
constant in tlie ibasal hour Heat production shown by the dotted line 
was the same as h^^t loss In the short transition period and in the subse- 
\ 
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Fig 10 — Chills and Muscular Exercise The first diagram shows 
chills which occurred spontaneously when the naked man was 
hing motionless in the calorimeter at a temperature of 23° C 
Ihe dashed lines connected bj dots show heat production, the 
columns heat loss 

Ihe second diagram shows the effect of moderate exercise at a 
temperature of 30° C 

The third diagram represents a malarial chill studied in 1918 
there were no direct determinations of skin temperature or radia- 
tion hut estimations ha\c been supplied from later experiments 


quent longer period when moderate ork was performed, heat produc- 
tion increased and heat loss kept pace so that the storage of heat in the 
body M as scarcely affected ^^'hen work aa as started com ecnon rose and 
in the third period there \\ as a slight outbreak of s\\ eat, increasing vapor- 
ization markedly The rise in comection and aaporization cooled the 
skin so that radi ition v as decreased, pro\ ing once more tint it n as pos- 
sible to lose more heat through a cool skin than through a v arm skin 
This experiment demonstrates nicelv the delicate regulation of tlie tern- 
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perature but here it was an adjustment of heat loss through greater vapor- 
ization in order to balance the increasing heat production 

The third diagram of Fig lo is a recalculation of the often quoted 
case of George S studied by Barr and Du Bois’” in the calorimeter in 
1918 At that time we did not have a radiometer and the dashed line 
indicating changes in the skin temperature and the blocks for radiation 
are reconstructed from evidence that \ve have obtained on other patients 
w ith chills They are only approximate 

George S came to Bellevue \\ ith a history of chills, recurring at 
regular intervals ^^*e placed him in the calorimeter about two hours 
befoie an expected chill and measured his heat production and heat loss 
In the first tw o periods his temperature \\ as normal and heat production 
about 90 calories per hour, his heat loss a trifle lo\ver In the third period 
with the onset of a violent chill which lasted thirty-five minutes, heat 
production rose to 250 calorics per hour, heat loss w as almost unchanged, 
and he stored 1 1 3 calorics in his body w ith an abrupt rise m rectal tem- 
perature to about 40 C (104"^ F) After the subsidence of the chill his 
metabolism fell but did not quite reach his previous level He continued 
to store a little heat in the body After the calorimeter obsert ations he 
began to sw eat, heat loss exceeded production, and the body temperature 
fell to normal Judging from other chills, convection must ha\ c increased, 
surface temperature and radiation must have fallen We have observed 
m othei chills a rise in skin temperatuie until in some patients it is even 
higher than the rectal temperature 

Heie the temperature regulation was very different from that ob- 
ser\ ed in tw o other situations showm in this figuie In all probability the 
disruption of the malarial parasites had caused a sudden change in the 
level to which the tempeiature legulating center was adjusted The 
center demanded a body temperatuie of 40-41 ° C and it found the body 
4 degrees too cold Therefore it summoned its emergency mechanism, 
a chill, and in the course of an hour or tw o accomplished the desired 
lesult This, of course, w’’as aided b^^ the fact that the skin w'as kept 
relatively cold and heat loss maintained at or near a minimum Following 
the chill the regulatory center desired a return to the normal level of 
temperature and accomplished this by calling upon its emergency mech- 
anism of sw eating, aided to a slight extent by increasing radiation from 
an unusually w^arm skin Increased radiation, however, seldom adds more 
than 15 caloiies pei hour 
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Fig 11- — Experiments with an electric fan After one basal hour the large 
fin at tlie foot of the cilorinieter was started Con\ection w is increased 
greitl\ except in the experiment when the air was as warm as the skin 


Passing from the chill experiments, the next factor to be considered 
IS air movement In a number of our experiments we started a large elec- 
tric fan at the foot of the calorimeter shortl)- after the termination of the 
basal period In Fig ir the obsen^arions are arranged according to ascend- 
ing temperatures between 27 4' and 34 7’ C The first column m each 
case shows the heat loss in the basal period It \till be noted that in the 
colder experiments the fan caused a rise in heat loss above the le\ el of 
heat production This resulted in a fall in skin temperature due chieflv 
to the increased convection In the middle zone there v as almost alv avs 
a slight fall in skin temperature caused by the fan In the w armest experi- 
ment at 347° C when the air temperature and skin temperature were 
practically the same there was no radiation, com ection w as unchanged, 
vaporization accounted for almost the entire heat loss, and the total dis- 
sipation of calories from the bod\ Mas not affected Skin temperature 
and rectal temperature remained lex el The subject’s notes made during 
the experiment stated that he felt a little less uncomfortable m hen the 
fan w as blov ing hat did the fan accomplish- It did nothing except 
make a buzzing noise \\ Inch aroused pleisant expectations in the mind of 
the subject 

The factor of exercise deserves more attention In some experiments 
in file colder zone modentc exercise was introduced immediarcK after 
the first basal hour Just as in the case of chills this muscular actnitx 
w armed up the bod\ The surplus heat was retained until the depleted 
heat reservoir had been filled and then the excess was dissipated In 
a irious ch inncls 
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Fig 12 — Diagnin slioiiing the effect of Molent exercise Normal 
control JDH plajed three games of sqinsli racquets The rectal 
temperature rose sharph to fercr lerels, the skin temperature fell 
TJie round dots nith horizontal lines through them show the esti- 
mated lieat production, and the columns the estimated heat loss 


Our calorimeter is not large enough to measure more than mild activ- 
ity but M'c were able to obtain outside the calorimeter fairly good esti- 
mates of heat loss during violent exercise Tnm of the staff played three 
twelve-minute games of squash-racquets in a court at a temperature of 
zo° C Radiation, skin temperature, and rectal temperature were meas- 
ured every twelve mintes Vaporization was estimated by weighmg the 
man every tv^elve minutes and making allowance for the small amount of 
sweat that dripped from the body Heat production could be calculated 
roughly from these factors The results on one man are shown in Fig 1 2 
The men were excellent players and they exerted themselves to the 
utmost Heat production rose to the rate of 600-800 calories per hour but 
heat loss did not keep pace The average skin temperature fell three 
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degrees and therefore radiation decreased Convection rose markedly as 
the men rushed about the court The great bulk of the burden fell on 
vaporization but even this was laggmg under an excessive demand The 
body did not lose heat fast enough and the rectal temperature rose three 
degrees 

As soon as the men stopped playing and rested in the dressmg room 
heat loss was able to exceed heat production Vaporization remained high, 
and in thirty-five minutes all the excess of heat had been dissipated The 
skin temperature rose to its former level and the rectal temperature fell to 
normal Soon after the game started the skins of the players had turned 
pink and it was evident that there was an increased flow of blood just 
beneath the surface With a rectal temperature of 39° C and an average 
skin temperature of 3 1 ° C, there v as a gradient of eight degrees between 
the moist surface of the body and the blood just beneath the epidermis 
There must have been a tremendous interchange of heat in the zone one- 
half or I mm deep 

Until a few days ago we held the opinion that the rise m rectal tem- 
perature during exercise was due to the inrbdity of the body to lose heat 
fast enough A very recent publication by Marius Nielsen*^ of Krogh’s 
laboratory forces us to change our views on this subject In a series 
of beautiful experiments with a bicycle ergometer he has shov n that 
the rectal temperature rises rapidly v hen v ork begins and then tends to 
flatten out at a level determined by the se\ erirv of the exercise Drastic 
changes in the temperature and moa ement of the external air make little 
or no difference in the level to which the body adjusts itself The fact 
that V hen this level is attained during se\ ere \\ ork the men can lose heat 
as rapidly as it is produced proves that during the milder grades the body 
had not employed its utmost capacity in dissipating calories Nielsen has 
shown that during work the temperature regulating center is adjusted at 
a higher level and maintains the bodv a erv nicely at this lea el 

A'^’e have not time to survey our limited number of experiments on 
the effects of clothing Suffice it to say that a\ e haa e found that ordinarv 
clothing does not change the fundamental concepts regarding the pro- 
portions of heat lost by the a arious channels but clothing does extend the 
comfort zone far into the colder ranges The matter has been thoroiigliK' 
studied rcccnth" by AVmsloaa, Herrington and Gigge 

This derailed ina cstigation of heat loss through the \ trious channels 
Ins rather important be mugs on the problems of hciting and air con- 
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experiments, the second two with clothmg on relatively few subjects, 
and the last two are largely theoreacal, based on the work of other obser- 
vers The first diagram sketches the conditions shown in Fig 9 based on 
the study of the two naked men in atr temperatures from 70 to 94° F 
There was a small comfort zone where heat loss equalled heat production 
The second figure shows the conditions when the naked men were 
exercising in the calorimeter Heat loss and heat production equalled each 
other over a wider range at a lower temperature, and the comfort zone 
was much more extensive The third chart shows the condinons ^\hen 
the men were lightly dressed The surface temperature of the clothes 
was roughly proportional to but distinctly above the level of the air while 
the skin temperature was warmer than the surface of the clothes in the 
cold zone, cooler in the hot zone when the man was sweating The region 
of comfort as we all know was much more extensive than in the case of 
the naked man The fourth diagram shows the combination of light 
clothing and moderate exercise with a comfort zone extending far into 
the cold region, depending on the extent of clothing and degree of 
exercise 

The last two diagrams on this chart are gathered from studies in the 
literature with extrapolations from our own work In them the abscissae 
show the extent of work expressed in terms of the basal metabolism, six 
times basal representing fairly severe exercise The ordinates show heat 
loss in terms of basal metabolism When a man works in cool, dr}’- au-, 
the rectal temperature rises dependmg on the se\ erity of the v ork, the 
skin becomes cooler, heat loss eventually becomes equal to heat produc- 
tion, the comfort zone is wide until the exercise is excessn e When, how- 
ever, work IS performed in a hot, moist atmosphere, the \ aporization is 
no longer able to dissipate more than a small amount of heat from the 
surface of the body Heat loss lags farther and farther behind heat pro- 
duction -u ith increased amounts of v ork Rectal and skin temperatures 
rise rapidly The comfort zone is conspicuous by its absence 

Time does not permit the discussion of the temperature regulating 
center in the hvpothalamus It seems to be controlled bv tv o factors, the 
temperature of the blood reaching the brain and the changes in the tem- 
perature of the skin Tlie pathv ays for the sensors* connecnons from the 
skin through the spinal cord to the brain and then back from the brain to 
the skin, muscles, and internal organs are fairlv v ell know n The internal 
mechanism of the sinill group of cells constitutinsf the rcyiilatintT center 
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remains a fascinating mystery 

This review of the subject of temperature regulation and heat loss 
IS necessarily incomplete, but Giaja" has recently published an excellent 
survey The field of study has been particularly acuve during the last 
feiv years and the advances have been great, chiefly on account of the 
fact that well trained biophysicists have been induced to participate in 
these studies How far the modern investigations will take us is difficult 
to esnmate shall undoubtedly learn more about the thermo-regulat- 
ing mechanism, c shall learn moie about the blood flov of the skin and 
Its nervous control, and the clinical applications of this will probably be 
numerous, we shall get a better insight into the mechanism of fever and 
heat regulation during muscular exercise We shall have a much better 
approach to the problem of comparing the basal metabolism of various 
species of animals We shall learn more about artificial fevers and also 
obtain information that m ill help our friends, the aur-conditionmg engi- 
neers It IS doubtful if any of this ork will have the slightest influence 
on clothing In this field custom and fashion reign supreme 
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THE MEDICAL-SURGICAL SPLENOP ATHIES^ 

hitrodnctwn 

Allen O Whipple 



P. 5 PSPSHSH 5 HSH.^oME TEN years ago a group of internists, pathologists and 
surgeons agreed to pool their interests in diseases of the 
spleen and hematopoietic system and the Combined 
Spleen Clinic, as it is now called, was started at the 
iS Columbia Medical Center Tlie advantages of seeing 
patients with such disorders before, during and after the therapy had 
been agreed to, whether medical, surgical or roentgenological, soon 
became apparent, and may be summed up under three headings 

1 Advantages to the patients are definite in ha\ mg a more active con- 
centrated study of their lesions, a more accurate diagnosis, a therapy 
agreed upon by the group, and lastly a follow-up by the same group 
to determine the late results as a basis for advice to future patients 

2 Advantages to the members of the Clinic, as clinicians and teachers, 
are evident m the study of an increasing number of pauents and in 
clarifying their ideas in diagnosis, patholog)’', therapy and prognosis 

3 The stimulus to clinical and experimental investigation of problems 
arismg m the diagnosis and treatment of patients seen m the Clinic 
IS obvious 

During the past ten years we have seen 1,457 patients v ith the lesions 
as classified m Table I It is obvious that many of these blood and spleen 
dyscrasias are strictly medical m their therapy, others roentgenological, 
others surgical, and a fairly definite group where therapy is difficult to 
advise The leukemias and primary anemias are studied and cared for 
on the medical services by Doctors McAlpm and West The splenome- 
galies, of known and undetermined etiology, are studied by the com- 
bined group 

The organizaoon of the Clinic is of importance and is graphically 


•From the Department of Surger>, Columbia TjnnersiU College of Ph^slcnns and Surgeons and t e 
Spleen Clinic of the Presbjterian Hospital, Jvcw \ork CiU 
Delivered No\ ember 4 1938 in the Elexenth Annual Graduate Fortnight 
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Tabix I 

NX'MBER OF CASES TO OCTOBER, 1938 


Type 

Cases 


Hemohtic Jaundice (tj’pical) 

43 

30 ivith 

13 uithout 

Hemolytic Jaundice (atypical) 

15 

7 svith 

8 without 

Normal Splenectomy 

30 


Splenomegalj of Undetermined Origin 

47 

43 with 


4 without 

Banti’s SjTidrome 



(1) Cirrhosis 

64 

22 with 

42 without 

(2) Schistosomiasis 

11 

11 with 

(3) Outside Pressure on Splenic Vein 

3 


(4) Splenic Vein Thrombosis 

(5) Cavernomatous Transformation of Portal 

8 

3 with 

5 without 

Vein 

2 

2 with 

(C) Stenosis of Portal Vein 

1 

1 with 

(7) Obstructs e Factor Undetermined 

33 

22 with 

11 without 

Idio-thromboc\topenic Purpura 

42 

22 with 

20 without 

Miscellaneous Purpura 

49 

11 wath 

38 without 

Aplastic Anemia 

54 


Pernicious Anemia 

231 


Secondarv Anemia 

84 


Sickle Cell Anemia 

10 


Miscellaneous Anemias 

88 


Eosinophilia 

13 


Hemophilia 

15 


Infectious Mononucleosis 

71 


Acute Leukemia 

79 


Chronic Mjeloid Leukemia 

98 


Chronic Lymphatic Leukemia 

Hodgkin’s Disease 

89 


141 


Neoplasm 

70 


Poljcjthcmia 

66 



splenectom\ 


U 


a 


presented m Chart I It is to be emphasized that the general practitioner 
and family physician is the beginning and end of this scheme It is he 
who, as a rule, is first consulted and sends the patient for opimon and 
consultation and it is to him that we tr)’- to return the patient and whose 
co-operation m e seek in having the paucnt return for foUow-up studies 
Tlie second feature of this organization that we wish to bring to 
your attention is the central and essential laboratorv for the hemato- 
logical studies of these paucnts Before, during and after the therapy used 
in the individual case, the blood counts and \ arious blood studies should 
be done by the same group of carefully trained and expencnced hema- 
tologists Unless this is done, the records in the Clinic and the conclu- 
sions draavn from the suidv of the panents will be thoroughlv unrelnble 



ORGANIZATION SPLEEN CLINIC 

COLUMBIA-PRESBYTERIAN MEDICAL CENTER NYC 



Chart 1 


It IS the desire of the membeis of this Clinic to pay tribute to the accu- 
rate work and interested co-operation of Miss Katherine Edsall, Miss 
Mary Whipple, Miss Catherine Illyne and Miss Hazel Maxwell, who 
have carried on the work in this laboratory 

In conclusion I should like to emphasize that combined dimes in 
diseases of systems requuring various types of therapy give the best 
results from the standpoint of therapy, teaching and research 
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HEMOLYTIC JAUNDICE 
Its Diagnosis, Behavioi and Tieatvienf 

W P Thompson 



^wo AND a half years ago we presented here a paper of 
this same title ^ Tonight we are to repeat much of what 
was said then, but in the light of considerable further 
experience 

Our methods of study remain unaltered Our patients 
continue to be followed at regular intervals by the combined Medical 
and Surgical Spleen Clinic group Laboratory procedures continue to be 
done by the Spleen Clinic technicians and our central files expand 
rapidly 

The term “hemolytic jaundice” is sail used for the general diagnosis 
of all patients presenung jaundice and anemia due to increased red blood 
cell destruction There is, in addition, almost always an associated spleno- 
megaly and an increase in the number of reuculocytes m the peripheral 
blood 

The term “hemolyuc jaundice” is still being divided into 0 clinical 
subdivisions The first of these is a uniform, recognizable, curable enaty 
This disease, formerly known as congenital hemolyuc jaundice, is now 
knowm, at the suggesuon of Dr E B Krumbhaar^, as spherocytic 
jaundice, a term w’^hich is far more accurate The second subdnision 
consists of a heterogeneous \arier\'’ of disturbances grouped together 
under the mtenuomlly vague term— atypical hemolytic anemia 


SpHEROCXTIC JtUNDICE 

Spherocytic jaundice is in our experience a uniform and rcadily 
rccoiinizablc disease entity prot idcd certain diagnostic criteria are 
rigidly maintained It is a chronic disease of long duration and of rcla- 
ti\c mildness Acute exicerbations may occur but these episodes are 
not common Tlie presenting symptom is chronic \ ariablc jaundice and 

tfo t the Pe; r "'em rt \le(h'*inr C lc>.- cl Ii l:- 5 ’ S- c- - a T_ e ' r.-d 

tl c 1 re hMcnin Uo nl Ncu \ < L Ci ' 
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the outstanding physical finding is splenomegaly The posinve diagnosis 
IS made in the laboratory In all cases of spherocytic jaundice, the peri- 
pheral blood contains the spherical red cells that we beheve are as 
pathognomomc of this disease as are the sickle cells of sickle cell anemia 
The Spleen Clinic has now had the opportumty of studying fort)*- 
three cases of this typical disease Of these forty-three, thirty have had 
their spleens removed The more important clinical and laboratory’’ 
data are presented in the accompanying Tables I and II 

Atypical Hemolytic Axemias 

In marked contrast to spherocytic jaundice is our experience vith 
the atypical hemolytic anemias In the former group a defimte diag- 
nosis is readily available, a prognosis as to the behavior of the disease 
may be made with considerable assurance, and the results of splenectomy 
can be predicted with securitv’’ 

The atypical group comprises a total of fifteen cases presenting 
chronic acholuric jaundice, anemia with evidence of regenerauon, and 
splenomegaly In all of this group the possibilit}’’ of spherocytic jaundice 
had to be considered but in all of these, diagnosis of spherocytic jaun- 
dice could not be sustained because the blood faded to show the spherical 
cells with their attendant fragdity changes 

Although the total number of patients included in this group is only 
slighdy more than we reported n\o and a half years pre\iousIy, our 
experience has increased enormously We have now had the opportu- 
nity of studying three separate family groups in w hich hemolytic anemn 
and jaundice were present in various generations and in v hich the diag- 
nosis of spherocytic jaundice might well ha\ e been made, except for the 
absence of spherocytes And it is our present conception that a familial 
type of hemolytic anemia docs occur, that is not sphcrocync jaundice 
that is not sickle cell anemia and that is not the erythroblasuc anemia 
described by Cooley What the nature of this disturbance may be v c 
do not knov , but \\c do know, after haaing remo\cd sc\cral spleens 
that splenectomy in no way alters the disease process and the splenic 
histology IS not that so characteristic of the spherocytic rv pc' 

Durinir the past tw o and a half a cars there ha\ c been sc\ cral ex- 
amples of a subacute to acute hcmolvnc anemia w ith j lundice seen in 
association with sulfanilamide medication as well as sc\cnl mstmees 
of the disturbance described b\ Lcdcrcr 
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A'lYPICAL IIEMOLMIC ANEiMIA 



All patients li icl anemia (except patient '30) and all v ere jaundiced 
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Otherwise, our group of atypical hemolytic anemias remains as 
previously reported Details of this group are available in the accom- 
panymg Table III 

The Nature of Spherocytic Jaundice 

The chmcal study of patients with spherocytic jaundice, before, 
durmg and after operation, has led to certam conclusions concermng its 
behavior The symptoms of chrome anemia with jaundice may appear 
at any age or an enlarged spleen may be found m an mdividual being 
exammed for some unrelated complamt The anemia may be rmld or 
severe, or, in the latent cases, the blood count may be quite normal 
The degree of jaundice varies likewise but is always propornonal to 
the degree of anemia The percentage of reticulocytes also varies within 
wide hmits, dependmg agam on the seventy of the hemolyac process 

In every case of spherocytic jaundice the peripheral blood smear 
contains erythrocytes the diameter of which is obviously much less than 
normal but wbch in addition show no central pallor In v et prepara- 
tions these small cells appear spherical With the micromampulator 
these cells can be slowly and carefully examined and their spherical shape 
confirmed 

It IS important that these cells should be detected and counted m v et 
film preparations with, when possible, the aid of the micromampulator 
Techmques that give the mean corpuscular volume may be misleading, 
as these spherical cells form only a small proporuon of the total red cell 
colony, and many of the remaining cells, the reoculocytes, mav be con- 
siderably larger than normal In the presence of a high degree of ren- 
culocytosis, mean corpuscular volume readings may be on the high side 
of normal and the spherical cells remain undetected 

It was not until the recent work of Haden'* appeared that the rela- 
tionship beuveen shape, size and hemolysis was conclusuelv pro\ed 
His V ork leaves no doubt about the fact that these spherical cells are 
alone responsible for the fragilit)’’ changes seen in all cases of spherocync 
jaundice 

In addition c\idcnce is a\ailablc to suggest a serious considcr^non 
of the importance of these spherical cells in the production of the active 
disease process 

This chain of c\ idence although fragmentarv in places mav be pre- 
sented in order 


THE BULLETIN 


I 84 


1 The fact may be accepted that all patients with spherocytic 
jaundice, as well as their relatives with the latent disease, have tliese 
spherical microcytes circulating m the peripheral blood These abnormal 
cells constitute from 10 to 25 per cent of the total number of erythro- 
cytes, the remaining cells being cither reticulocytes or normal red cells 
^^'e have never obsen ed reticulation in the spherical cells 

2 These spherical cells arc directly responsible for the fragility 
changes to hypotonic salt solution 

3 These spherical cells appear to be selectively removed from the 
general circulation of the spleen, \\ here they arc found m larger num- 
bers than in the peripheral blood 

4 There is enough evidence, I believe, to warrant the assumption 
that all the increased red blood cell destruction that results m the active 
phase of the disease takes place u ithin the spleen Some of this e\idence 
IS direct, most of it is inferred 

Direct evidence can be procured only by measuring the serum 
bihrubm concentrations in the blood of the splenic artery and vein at 
the time of operation Ob\ lous technical difficulties interfere with the 
collection of the necessary specimens In spite of these difficulties ue 
ha\c found that the blood of the splenic lein contains more pigment 
than does the blood of the splenic artery 

These observations arc in accord with the figures obtained by Rich 
and Rienhoff® in an active case of hemolytic jaundice and show that the 
spleen is actively destroying er}’'thiocvtes 

Indirect evidence concerning the acuvity of the spleen in this 
disease may be procured b)'^ observing the effects of splenectomy Our 
therapeutic results in the thirty cases in which splenectomy was per- 
formed are uniform and coincide with the results of others Removal of 
the spleen is immediately followed by cessation of the increased hemo- 
lytic activity Relief is immediate and, apparently, permanent 

A study of the factors that might be influenced by splenectomy, 
results in the acceptance of onl)^ one, the excessive hemolysis stops I can 
see no reason to consider any other influence, as the cessation of exces- 
sive hemolysis will explain all the changes observed 

With the removal of the site of increased destruction of erythrocytes, 
the serum bilirubin and the urobilin excretion figures drop promptly to 
normal levels The already overactive bone marrow rapidly raises the 
er)’throcyte concentration in the peripheral blood As the red blood cell 
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count rises, the stimulus for new erj’throcytes falls and the proportion 
of reticulocytes drops All these changes toward normal appear n ithin 
a feu hours after operation and are concluded in from n\o to three 
weeks The results of the operation appear to be permanent 

Only one patient has failed to show these clear cut results This 
patient, a young woman, was admitted with spherocytic jaundice of 
relatn ely brief duration,'of considerable intensirv’" The history pht sical 
findings and laboratory data were all complete and unquestioned In 
July of this year, her spleen was removed and the spleen sections u ere 
typical in all respects Following splenectomy the disease process ap- 
peared to subside for the first few da) s but then reappeared w ith 
renew ed vigor During the next three months spherocytic laundice in 
Its actn e phase continued in spite of multiple transfusions the anemia 
increased and the reticulocyte level rose to above 75 per cent A report 
of a similar instance appeared during the summer from England’’ In the 
British case, the second explorator}'’ laparotomy, done wnth the hope of 
finding an accessory spleen, revealed an ovarian tumor w hich w as sub- 
sequently found to be a teratoma Removal of this tumor was imme- 
diately follow^ed by cessation of the hemolytic activit)' and a subsidence 
of all symptoms ^Ve wxre unable, in our patient, to find any abnormal- 
ities on pelvic examination and the Aschheim-Zondek test w as negatn e 
Finally, it w’'as decided that additional spleens must be present and that a 
second operation had to be performed Two days after this decision w as 
reached, an acute hemolytic crisis set in, the patient’s red count fell rap- 
idly to 600,000, the reticulocytes rose to 90 per cent and the patient died 
of acute spherocytic jaundice At autopsy the left upper quadrant con- 
tained many accessory spleens, vartnng in siyc from i cm to 6-S cm in 
diameter and these accessor)’’ spleens presented the tx'pical hustology of 
this disease process Our one failure, then, seems to hat c been a result of 
a congenital abnormality 

The onh other theoretically possible effect of splencctomt w ould 
be some change in the spherical cells and their fragihtx' That some such 
chance docs occur has been suggested at \ arious times by \ arious 
authors Their conclusions arc as a rule tanablcand the changes usinlh 
obserted tre slight shifts m the frigilitx test 

Our obsert itions w arrant the definite conclusions in the post- 
splcncctomt ciscs that the spherical cells persist with their ittcndint 
fragility chinges for as long after splencctonn as time his permitted 
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observation The propornon of these typical cells may vary within 
relatively narrow limits but they have been demonstrated in patients 
sivteen years after operation m concentraaons as high as 14 per cent 

The recent report of Lord Dawson of Penn" of typical fragihty 
changes persisting forty-five years after splenectomy leaves httle doubt 
that the spherical cells arc not affected by this surgical procedure 

This evidence, I feel, warrants the conclusions that, given the in- 
herited spherical microcytes and increased hemolytic acnvity, one has 
the condition known as splierocyoc jaundice, and that this disease, once 
active, remains active until the site of increased hemolytic acnviw is 
removed 

Three important qucsaons still remain unsolved 

1 Little or nothing is known about the genetics of transmission of 
these spherical cells 

2 Little or nothin^ is knowm about the factors that mitiate the 
excessive hemolysis wdiich signals the onset of the active disease It is 
known that individuals exist, as members of sphcrocync families, whose 
blood contains these spherical cells and in whom increased hemolysis is 
not taking place We also know that these latent cases may become 
active at any time in their career from, in our senes, the age of slx v eeks 
to the age of fifty-eight years "We also know that when the disease once 
becomes active, spontaneous remission will not occur and that chrome 
anemia vath jaundice vull persist until splenectomy But we have not 
been able to associate the change from latency to activity with any as yet 
discernible event Occasionally an acute infection precedes the onset of 
jaundice, in the majority of cases no such history can be elicited 

3 W e do not know whether a normal spleen interposed in a circu- 
lation containing spherical erythrocytes would behave as and assume the 
histologic characteristics of a spleen presenting spherocyuc jaundice 

Conclusions 

1 Hemolytic anemia with jaundice and splenomegaly has been 
observed in fifty-five patients 

2 This syndrome may be separated into two groups 

(a') Spherocytic jaundice 
(b) Atypical hemolytic anemia 

3 Spherocytic jaundice is a clear cut, defimte disease entity the 
course of which can be predicted and the mechanism of which is begin- 

\ 


1 



Heinolyuc Jaundice 


187 


ning to be understood 

4 The atypical hemolytic anemias comprise a heterogeneous group 
of conditions m which there is increased red cell destruction 

5 The symptoms of spherocytic jaundice are promptly, completely, 
and permanently relieved by splenectomy The atypical hemolytic 
anemias have not been benefited by this procedure 

6 Accurate preoperative diagnosis is one of great importance and 
a familial incidence is of no differential value 
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CONGESTIVE SPLENOMEGALY- 
(Banti’s Saxdrome) 

Louis M Roussclot 


^^o years ago a report’ was presented from the Spleen 
Clinic of the Presb\ terian Hospital outlining the results 
of splenectomy in Banti’s syndrome At that time we 
stressed the role of \ enoiis congestion or portal stasis in 
the production of the syndrome 
In this paper \\c ^Msh to rc-cniphasi7c the same hypotliesis and 
present additional c\ idencc to support our contention that Banti’s 
s>ndrome is not a primary splenomegaly, but rather a splenomcgih 
secondary to portal stasis \Vc have come to consider this group of 
splenomegalies under the general caption of “Congestive Splenomegaly,” 
as thisAve feel more aptly describes the condition The term “Congesme 
Splenomegaly” implies a primary congestnc mechanism in the portal 
bed producing back pressure (splenic or portal vein hypertension) The 
venous stasis we believe subsequently produces a splenomegaly ind 
certain other characteristic clinical and laboratory findings This 
h\ pothesis IS, of course, a reversal of Banti’s' original idea that the 
disease began as a primary splenomegaly of toxic origin and later 
developed into cirrhosis of the liver The conception of Banti’s syndrome 
as a congestive splenomegaly and not a primary splenomegaly is not a 
new one Y^arthin'*, Eppinger^, and Larrabee”, all considered the pos- 
sibility of portal congestion producing the Banti picture Eppmger, in 
fact, frequently refers to the “Stauungsmilz” in his treatise on hepato- 
lienal fibrosis 



MciMichaeE first suggested the term “Portal Hypertension ” Both 
he and AlcNee® agreed that the factor of increased portal pressure plus 
the entry of toxic substances into the portal circulation probably ac- 


counted for the development of Banti’s disease MciMichael likewnse 
intimated that a condition of portal hypertension can occur in the 


absenc^ of such gross changes as are found in a hobnail liver This latter 


* From the vDepartment of Surger% Colunibn ‘Ln*\er*;it\ College of Plusicnn^ '\nd Svirgeon*? md 
the Spleen^limc oi the Pre^bxternn Hospital Delitcred Not ember 4 19oS m the Eleventh \nniiii 
Graduate loortnight 
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statement is significant, for we have been able to demonstrate conclu- 
sively portal hypertension in many cases Muthout cirrhosis Portal hyper- 
tension we believe is usually secondary to one of a variet)' of totally 
unrelated diseases Any of these conditions is capable of mmating 
chronic portal obstruction Our ovn experience as to the r\'pes of 
different primary lesions which may produce congesm e splenomegaly 
will be discussed in due course The distended and tense \ enous radicals 
in the splenic pedicle, and the rich venous collateral often en\ eloping 
the spleen, are visible phenomena that never fail to attract anyone 
familiar with surgery of the spleen m congestive splenomegaly This 
local vascular condition occurs regardless of the nature of the obstruc- 
tive factor in any particular case Believing that portal hypertension 
may be a common factor associated with a \ ariety of disturbances pro- 
ducing congestive splenomegaly, members of our Clinic® recently have 
made observations on the splenic vein pressures at operation These 
studies are being continued The determinations are made at the time of 
operation, after mobilization of the spleen, by inserting the needle of a 
venous pressure apparatus into the splenic \ ein Simultaneouslv a read- 
ing IS taken of the peripheral venous pressure in one of the \ eins of 
the arm 

Splenic vein pressure readings have non been made in fourteen cases 
of congestive splenomegaly or Banti’s syndrome, and in fifteen controls 
having splenic lesions of other types In the accompanying table these 
figures are listed in the aarious sub-groupings under vhich vc now 
classify our various cases 

An obstructive factor as a cause for the portal hypertension vas 
present in 52 per cent of our early cases and no such factor was ascer- 
tainable in 48 per cent of the same group Wc ha\e found that the 
48 per cent group w ith no ob\ lous obstructn e factor comprises chicflv 
the portal bed and a h\cr biopsv were not part of the operatne 
our oldest cases, treated at a time when a systematic exploration of 
routine How ever, in the past tw o \ cars w c ha\ e done splenectomies on 
tw enty-four patients in addition to the prc\ louslv reported thiru'-onc 
cases ^^'ith more careful inspection of the portal bed and li\cr biopsv 
on all the recent cases and the securing of a post-mortem examination 
on se\eral of the long-term cases in xshich an obstructue factor hid 
prcMously been unknown to us the percent ige of “unknowns is now 
dinnnishinfT In these list twentx-four cases therefore sexenteen or 
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1 MILL I 

\ENOUS PRESSURES IN MILLIMEILRS OF NORMAL SALINE 
BWTI— EVEN NEC CIKRHOSIS 


Splcmc I cm 


CM 1 

225 

GM 2 

325 

DP 3 

150 

NA 4 

470 

RB 5 

370 


BX' 


Splenic TVin 

PR 1 

250 

AE 2 

335 

GP 3 

500-L 

CC 4 

415 

EM 5 

375 


Arm Vein 

12 

85 

125 

145 

30 

—SCHISTOSOMIASIS MWSOM 

Arm T'fin 
50 
105 
70 
125 
CO 


J3 WXI — thrombosis or SPLENIC \ EIN 

Splenic Vein Arm T cm 
JS 1 390 170 


ED 1 
GK 2 
BS 3 


B \NTI— OBSTRUCTS E E \CTOR LN DETERMINED 


Splenic Vein 
275 
370 
330 


Arm J’ein 

105 (p ndrcnnlm) 
50 
55 


Splenic T'ci7i 


FH 

1 

190 

RB 

2 

105 

EL 

3 

220 

NB 

4 

125 

SS 

5 

215 

EE 

6 

190 

WU 

7 

120 

S J 

8 

360 

ZG 

9 

185 

SE 

10 

190 

GC 

11 

235 

EN 

12 

275 

TK 

13 

70 

M M 

14 

140 

J K 

15 

245 


CONTROLS 
A rm T'fiii 
65 
80 
205 
130 
40 
107 
95 

5 (sc\ere shock) 

75 (beginning shock) 
210 
165 
205 

300 (10 mm later) 

65 

240 


Diaqnosis 
L% mphosarcoma 
Hemohtic Jaundice 
ALp Hemol Jaundice 
Ilcmohtic Jaundice 
Gaucher’s 

Splen Undet Origin 
HemoR-tic Jaundice 
Purpura 

Pancreatic Adenoma 
Purpura 

Splen Undet Origin 
ALp Hemol Jaundice 
Purpura 
Purpura 

Lamphatic Leukemia 
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70 per cent have had a definite obstructive factor 

The number of cases of congesove splenomegaly studied by the 
Spleen Chmc that have had splenectomy now totals fifty-five Sixty 
per cent (thirty-three cases) of the entire group have had a proven 
obstructive factor as a possible basis for the portal hypertension 

Under the general classification of congestive splenomegaly we 
have continued to use the following groupmgs and sub-groupings 

I Obstructive factor known 
A Cirrhosis of the hver 

a Laennec’s cirrhosis 
b Unclassified cirrhosis 
c Cirrhosis due to schistosomiasis mansom 
B Thrombosis of the splemc vem 
C Cavemomatous transformauon of the portal vem 
D Stenosis of the portal vein 

II Obstructive factor undetermined 

The results of splenectomy and the long-term foUow-up will now 
be detailed group by group under the separate disease headmgs (Charts 
I and II) as just outhned These cases have regularly been exammed and 
complete blood studies made at least once a year since operanon 
I Obstrucuve factor knovni 
A Cirrhosis of the liver 
a Laennec’s cirrhosis 

Fourteen cases of this type were operated upon The imme- 
diate hospital mortality mcluded four cases or 28 per cent 
The causes of death were shock (i), hematemesis (i), 
hepaac insufficiency (2) 

Seven late fatalmes occurred at periods var^’ing from fi\e 
months to thirteen years Death in all cases follott^ ed hema- 
temesis, or cholemia with or mthout ascites 
The three survivors hate been veil to date for periods of 
one and a half years, five years, and six years, respectively 
These poor results arc at distinct t anance \\ ith those found 
in the succeeding groups 
b Unclassified cirrhosis 

Tv o cases arc included m this grouping, both hat c done 
exceptionally t\ ell one for three years and one for ttt elt e 
t cars follott mg operation 
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CONGESTIVE SPLENOMEGALY 

(B^NTI'S SYNDROME) 

RESULTS OF SPLENECTOMY 


GROUP CASE*- 


1 O S (XOOCOCOCCOD 

Zo5 OOOCOCCODCCCOCaX)CCCOCO 

3 COCODOOD S 020CCOOCOOO# 

4 O S (XOOOCOCOOCC* 

5 ococooooco S • 

^ 6oS • 

LAENNEC 7oSo* 

CIRRHOSIS 8 COCCOOO S OOC« 

9 COOCOCOOOO S CXXODOX* 
IOCCOOOOCOD3DD020COODOCCCO S • 

I 1 CXD S 00030 
I20S 00« 

13 OC03000000 5 COO 

IT I400CC03C000003COC03CO S • 


UNCLASSIFIED I CO S 000CCO300CC00C000CCCCCO3 
CIRRHOSIS 2 OCOC03COOC033COO S 000030 


I OCOCOO S 00CO3CO3 
2 COCO S oocoocco 
30 COOSOOCOCO 
40COCOQOC030300SOOOOCO 

SCHISTOSOMIASIS 5 OCOCOCOO300COCOOCCO3 S OOCCCO 
MANSONI 6 0COCOCOO3O3C00 S OCOCOO 

7 C03COOOO S CCOCOOCOO 

8 COCOCOCOCCCOOCCCOC03COOOC033CO S CO 

9ooooSooc# 

I003COOOCCCO S ocoo 
I 1 00 S 000 


Cause of Death 

Group I *2 5 8 -Hematemesis 

* 5 ^ 7 9 10 12 H - Hepatic Insufficiency 
6 -Post- operative 5hocK 

Group in 'i'p -Hematemesis 


ChnJt 1 

1 Each circle repiesents si\ months in the clinical com sc 

2 The letter S indicates time of splencctom^ duimg the entire period patient vas 
followed 

3 Clear circles denote .isjTnptomatic peiiods Shaded tiicles denote periods ^Mth sirnp' 
toms Black circles denote death 
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GROUP CASE’^ 
ns: 

THROMBOSIS OF I0SO 
SPLENIC VEIN 2 (XJCOOO S 000003000000 

3 o S 00000000000 

3 z: 

CAVERNOMATOUS TRANS- 1 00000 S« 

FORMATION OF PORTAL V 2 o 5 oe 
3 ZE 

STENOSIS OF 1 o S oooooocoooooooooooooooooo# 

PORTAL VEIN 


3nE 

OBSTRUCTIVE FACTOR 
NOT DEMONSTRATED 


lo S ooooooooooocoo 

2CCCCCOCCCOO S oocooooocooooco3oooc>CKX>co 
3 oS oooa 

4 o S oooooooooooooooo 
SoocooooooccocoS o* 
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Cause of Death 
GroupX * I 2 - Hematemesis 
Groups*! -Hematemesis 
GroupinE '3 - Hematemesis 
* 5 7 - Brain Tumor 
*10 i 6 -Hepatic Insufficiency 
*12 -Post-operative 5 hocK 


CInrt 11 (refer to ke\ under Clnrt I) 


c Cirrhosis due to scliistosoninsis nnnsonC 

Elc\ cn cases of this diseisc \\ ith associated Banti’s svndromc 
ha\e had splencctonn The mode of mfccnon and the 
pithologv' of schistosomiasis arc now well known Faust 
Jones, and Ho/Tman'" hat c show n that the miturincr phase of 
the pansitc in the humm host tikes place in the hcpitic 
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portal and mesenteric veins Following the deposition of 
eggs in the liver, a pseudo-tubercle or fibrous nodule is 
formed If the infestation is sufficiently hea\ y, a se\ ere form 
of cirrhosis results Coupled with this cirrhosis is a spleno- 
megaly, and with the splenomcgalv there is often a blood 
picture similar to that m Banti’s s)mdrome Oddly enough, 
the striking similarity of Banti’s disease to the late visceral 
stage of schistosomiasis mansoni is one that has received 
scant mention Bonclli” drew the clinical comparison but 
concluded that the Banti-likc picture m late schistosomiasis 
vas on the basis of a toxin of intestinal origin Girges^- 
with his extensn c experience in Eg}'ptian splenomegaly in- 
cludes Banti’s disease as a differential diagnosis of the late 
stage of the disease A particularly interesting feature of our 
experience in these cases is that prior to operation in several 
of them a clinical diagnosis of Banti’s disease was made and 
only follovung liver biopsy was the exact nature of the lesion 
ascertained CampbelF’ in a recent pubhcaaon from China 
has expressed the belief that most cases of Banu’s disease in 
the Orient arc really the late stage of schistosomiasis 
There has been no operative mortality m our ele\ en cases 
The only patient who had hematemeses prior to operauon re- 
mained well for a period of nvo and a half years after opera- 
tion and then suddenly succumbed to a hematemesis All 
the remaimng ten patients are very well and have been fol- 
lowed for periods vatying from two to four years 
B Thrombosis of the splenic vein 

We have had three cases of Banti’s syndrome associated with 
splenic vein thrombosis All had an uneventful postoperative 
recovery and are v’^ell at ten months, five and a half years, and 
SIX years, respectively 

C Cavernomatous ttansformation of the portal vein 

We have had two examples of this rare condition Both cases 
had the typical climcal picture of Banti’s s}mdrome with evi- 
dence of bleeding from esophageal varices In each instance 
hematemesis was the cause of death following operation — in the 
first case, nvo days after operation, and in the second instance, 

*A more detailed and complete report of the nssocntion of Banti’s syndrome in schistosomiasis 
and the results of spIenectom\ in this disease, is m press 
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rune months after operation Of particular mterest to us is the 
fact that the hver was normal m each of these cases proven by 
autopsy, hence it is obvious that hematemesis is not necessanlv 
the sequel of cirrhosis but can be a fatal issue m the presence of 
obstructive lesions other than cirrhosis One of these cases v as 
particularly mstructive to us because prior to operanon all the 
liver function tests gave normal values, at operation the hver 
grossly appeared normal and the liver biops}’’ hkevuse shoved 
normal hver structure We therefore classified this as one of the 
cases in v hich the obstructive factor was undetemuned It v as 
only when the patient died rune months later that autopsy 
demonstrated the obstrucnve factor at the begirmmg of the 
portal vein Klemperer^ reported one such case and vas able 
to collect twenty-three similar examples m the hterature His 
patient, as ours, also had undergone a splenectomy for supposed 
Banti’s disease several years prior to death 
D Stenosis of the portal \ein 

This IS a recent addition to our hst of possible lesions causing 
portal congestion \\'e have had one paoent vnth this unusual 
condition At operation no obstrucme factor vas demon- 
strated The hver biops)- was normal Following operation the 
patient had six hematemeses o\ er a period of thirteen years v ith 
finally a fatal hemorrhage At necrops)' there v as no cirrhosis 
but a stenosis of the portal \ein was present near its ongin 
II Obstructive factor, undetermined 

Our last senes in the congcsme splenomegalv group includes 
twenty-two cases in v hich the obsmicm e factor could not be 
demonstrated at operanon Three died in the postoperan\e 
period a mortality of 1 3 6 per cent The cause of death in- 
cluded shock (1), hepatic insufficiency (z) 

Only one late death occurred and this two \cars and two 
months after opcrition of hematemesis 

T\\ o died sc\ cral years after operation of an unrelated drsease 
Of the remaining sixteen thirteen has c been entirely v ell for 
periods \ aryinil from tv o months to ciglitccn s cars Hov c\ cr 
there arc three patients still Iising vho Insc hid a miserable 
course puncniatcd by repeated scscre hcnntemcsis o\cr periods 
of three \cirs fourscirs and tv o and a half \ cars rcspcctncK 
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SUMM 

In a group of -fi\ c cases, similar characrcnstics m ere apparent in 
all, to warrant a diagnosis of congestue splenomegaly, or so-called 
Banti’s S) ndromc idcncc has been presented to show that portal 
hypertension exists as a common factor in a \ ancty of different clinical 
entities Each of these \ arious diseases is capable of producing chronic 
portal stasis 

The indications for splcncctom^ in congestn c splcnomcgaU and the 
long term prognosis arc dependent on the nature and scvcritv of the 
obstructne factor ObMously, splcncctomv is contraindicated in cases 
of progressn c decompensated h\ cr disease The late results in our cases 
with Lacnncc’s cirrhosis, portal \cin occlusion or stenosis, hate been 
extremely poor The results in other forms of cirrhosis, splenic tcin 
thrombosis, and the group in w hich the obstructn c factor wsas undeter- 
mined ha\e been most gratifying ETcmatcmcsis as a postoperatne 
s\ mptom is usualh a gra\ c prognostic omen 
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DIAGNOSTIC AND THERAPEUTIC 
CONSIDERATIONS IN THE MANAGEMENT OF 
IDIOPATHIC THROMBOCYTOPENIC PURPURA^ 

R H Egertox Elliott 

1936, a reporP was published from the Spleen Clinic 
of the Presbyterian Hospital on the results of the treat- 
ment of purpura hemorrhagica by both splenectomy and 
conservative therapy The object of this present paper is 
to bring those results up to date and, in addition to relate 
some of the salient features of the diagnosis and management of this 
disease as it is seen in the spleen clinic 

There are certain elementary facts about purpura in generil and 
thrombocytopenic purpura in particular w Inch should be constantly 
borne in mind in any consideration of the management of the disease 
under discussion It therefore seems ad\ isable to re\ lew briefly the more 
important of these facts before proceeding further 

In the vast majority’’ of instances in w Inch it is encountered, purpuri 
represents a symptom-complex rather tlian a disease cntin’ The fre- 
quency of Its occurrence as such is attested bN the fact that it mav 
appear in the course of many common ailments Under these circum- 
stances, It IS referred to as a “sccondan^” or “symptomatic” purpura 
The term “primary” or “idiopathic” purpura is resen ed for those 
infrequent instances in w hich no associated disease process or cause for 
the symptom-complex can be found The relatn e rarir\^ of this litter 
group becomes apparent wdien it is considered that out of approximateh 
700 purpuras w Inch ha^ e passed through the spleen clinic onh fort\ - 
two have been chssified as “primar\ or “idiopithic 

Second A ia Plrplrx 

The secondara purpuns then arc those for which there is thoucht 
to be an issigmblc ciusc Thc\ irc the purpuns which occur with 

I rtm tl c Ori irt ic: I 01 Su C ' ' 1 L r nr K r I ; ^ S 

jlir''jlrcTith;jcottherrc''trj!H r'-- 
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infections, ^Mth poisoning by toxic agents with nutritional deficiencies 
and wnth certain disease processes affecting the rcnculo-endothelial and 
hematopoietic s^ stems According to w hethcr the platelet count is re- 
duced or not they may be subduidcd into secondary purpuras without 
thrombocytopenia and secondary purpuras with thrombocytopenia 

Secondary purpura without thromboc\ topcnia is encountered with 
considerably more frequency than the thrombocytopenic \ariet\ 
While It may be associated x\ ith any of the prc\ lously mentioned en- 
ologic factors, it is most commonly seen in the course of acute infec- 
tions In most instances, its recognition as a sccondan* purpura is attended 
with little difficulty 

Secondary purpura wnth thrombocytopenia, on the other hand, ma^ 
at times be exceedingly difficult to differentiate from a primar}'^ or 
idiopathic purpura It likew ise may occur in conjunction xvith any of 
the aforementioned etiologic factors, but in our experience is most fre- 
quently seen in disturbances of the hematopoietic system, in partieular 
the aplastic anemias and the leulvemias 

The important point to be remembered about the management of 
the secondary’ purpuras as a whole is that therapy should be directed 
primarily at the disease process underlying the purpura That the per- 
formance of splenectomy for the relief of hemorrhagic manifestations 
in this group is emphatically contraindicated and often attended by 
tragic consequences, will be apparent when we come to discuss our 
results 


Prixi \ry Purpura 

Bearing in mind the foregoing considerations, it wffil be realized that 
the diagnosis of primary or idiopathic thrombocytopenic purpura can 
only be reached by the careful exclusion of all factors knowm to cause 
purpura Unfortunately, those disease processes which most frequently 
cause an associated thrombocytopenic purpura are often the most dif- 
ficult of recognition, as, for example, an aplastic anemia or an aleukemic 
leukemia For this reason, the sme qua non of diagnosis is an accurate 
hematologic interpretation of the blood findings 

It also goes without saying that other common pitfalls in diagnosis 
can only be avoided by the taking of a careful history, wuth especial 
reference to dietary habits and drug idiosyncrasies, and by an exhaus- 
tive search for foci of infection in the teeth, tonsils, sinuses and other 
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common locations In this connection, it should also be borne in mind 
that metastatic invasion of the bone marrow from an unsuspected 
primary focus of malignancy may occasionally cause thrombocytopenic 
purpura In our records, we have four such cases, all of them proven at 
necropsy 

Natural History of the Disease 

Primary or idiopathic thrombocytopemc purpura may occur at any 
age, but in our experience is most frequently seen before the fourth 
decade It is uncommon beyond the fifth decade and rare in the aged 
If untreated, its course in the adult is characterized by chronicity and 
recurrence 

It IS perhaps fitting at this point to say a word about the occurrence 
of this disease in children Though the great majority of patients who 
attend the spleen dime are adults, through the co-operation of the 
Hematology Clinic of the Babies Hospital we have of late years been 
privileged to see an increasing number of individuals in the early age 
groups Furthermore, as these patients mature, they are automatically 
transferred for their future follow-up to our dime We have, therefore, 
been afforded the opportumty of obtaimng unusually complete follow- 
ups on many of our cases 

From a perspective of the disease so obtained and from our fre- 
quent contact with the members of the hematologic group of the 
Babies Hospital, we have come to feel that thrombocytopenic purpura 
in children generally presents a different picture and a different-problem 
from that obsen'^ed in adults 

In childhood, idiopathic thrombocytopenic purpura tends to be a 
self-limited disease, characterized by spontaneous recoierj’- In rela- 
tively few instances does it persist into adulthood as a chronic, recurrent 
ailment According to McLean, Kreidcl and Caffey- it affects boys 
tv ice as frequently as girls 

In adults, on the other hand, chronicir\’ and recurrence in the un- 
treated case arc the rule, rather than the excepnon Furthennore, our 
figures for sex incidence v ould seem to indicate that the disease occurs 
pnncipillv in females, for, out of fort^'-tvo patients, thirt\-sc\cn or 
SS per cent were vomcn and onlv fi\e or i’ per cent men It is of 
interest that at the onset of the disease four of the fi\ e males \\ ere under 
fourteen 'n cars of igc and the fifth had not reached his twenties 
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Clinic \L Picilhl 

Tlie disc.isc, then, is gcncralh'- seen in j'-oung females in the second 
or third decade of life A \ ariablc history of easy bruisin!?, of blccdin^ 
into the skin and of hemorrhage into, or from the mucous membranes 
may be given Intractable menorrhagia is a frequent and distressing 
symptom In ad\ anted cases hematuria, mclena, blurring of vision and 
symptoms due to cerebral hemorrhage arc not uncommon 

On physical examination, c\ idcncc of hemorrhage into the skin or 
mucous membranes or both, w ill be present to a \ ariable extent It the 
patient IS in an acti\ c phase of the disease, a typical muddy pallor ina\ 
be apparent The gums arc often charactcnsricalh soft, su ollen and 
spongy, the teeth caked xMth clotted blood In addition, in the far 
adxanced disease intra-ocular hemorrhages and reflex changes ma> be 
picsent 

The existence of a palpable spleen is unlikely in early cases but in 
indn iduals w ho ha\ c had the disease o\ cr a long period of time, its tip 
can occasionally be appreciated just below the costal margin In our 
senes of fortv-two cases, the organ was felt in ten instances, and in 
only one of these w as the disease in its early stages It should be eni- 
phasi/cd, how c\ cr, that the presence of any considerable degree of 
spicnomegab is a point against the diagnosis of idiopathic thrombocyto- 
penic purpura The remainder of the ph\ steal examination w ill generally 
be non-contributoi y 

L XBOR XT ORY Fl M>1 NGS 

\Vith regard to the xaiious laboratory findings, an anemia of the 
secondary type is usual, but is nc\ cr in excess of that due to blood loss 
The wdute and differential blood counts arc normal except in set ere 
cases wTth widespread hemorrhage, when a polymorphonuclear leuko- 
cytosis may be expected The presence of a leukopenia should cast 
immediate doubt upon the diagnosis iMore often than not, it indicates 
the presence of an underlying aplastic anemia or other blood dyscrasia 
The platelets, of course, are markedly reduced in number and may 
et'en be absent on direct examination 

In the classic case, the bleeding time is prolonged, the clotting time 
normal and the clot retraction delayed or absent Occult or frank blood 
may be present in the stool, urine oi gastric content The tourniquet test 
is usually positive 
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Of even more importance than the latter, the capillary resistance, 
as measured by the Dalldorf suction apparatus, m ill be reduced in pro- 
portion to the severity of the disease This latter test, Avhich was the 
subject of a recent communication’ from this dime, has m our hands 
proved extremely useful in estimating the activity of the disease In this 
respect, \ve believe it to be frequently of more value than the platelet 
count A summary of the majority of the aforementioned findings will 
be found in Tables I and II (See next page) 

PA.THOLOGX' 

At operation, some degree of enlargement of the spleen was reported 
in all but eight of our cases Typically, how ever, the spleen is small and 
soft in comparison wuth other varieties of splenomegaly 

There is no general agreement among authors on the existence of a 
characteristic pathological picture m the spleens removed from indi- 
viduals suffering from purpura hemorrhagica In 1937, Nickerson and 
Sunderland^ of the Mallon^ Institute of Patholog)- in Boston reported 
the presence of fairly constant pathologic change in the spleens from 
eleven cases of this disease 

They found that in every mstance, the germinal centers w ere en- 
larged and active and that megakar^meytes were present m the sinuses 
of the pulp Furthermore, the number of neutrophile or eosinophile 
polymorphonuclear leukocytes w^as increased in the pulp in all but two 
cases These changes they regarded as characteristic of idiopathic 
thrombocytopenic purpura hemorrhagica 

Wc are not prepared to say more than that the majoritv'- of the 
spleens removed from our cases ha\ e show n clianges consistent w ith 
these findings 

iM \XAGCXIENT 

Follow imr the admission of a case of purpura to the hospital the 
platelet count and capillary resistance are watched closely An attempt 
IS nude to improve the general condition of the patient bv ordinan* 
supportne measures and, when indicated, by repeated transfusions 
"While these steps arc being taken a careful search for foci of mfccnon 
IS undertaken, consultants being used freely in the process 

After a thoroufih-coing period of studv, during which all other 
diagnostic possibilities ha\c been ruled out to the satisfaction of the 
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members of the spleen dime, splenectomy is advised In this connection, 
It may be said that, when possible, we prefer to remove the spleen 
during a remission of the disease Immediate splenectomy is performed 
only as an emergency or semi-emergency measure 

In our experience, as we beheve our results will show, splenectomy 
offers a greater hope of the complete arrest of purpura hemorrhagica 
than any other form of therapy We have tried at various times vitamin 
C, sesame oil, progynon, oil of turpenune, ultraviolet hght and multiple 
transfusions without noticeable success 

While V e have not ourselves used snake venom, seven of our twenty- 
two operated cases had received this form of therapy before commg 
to the spleen clinic In none did more than temporary relief result 
Therefore we are led to believe that this form of therapy is of no 
permanent benefit in idiopathic thrombocytopenic purpura In this 
connection, it may be of interest to note that all of the seven above- 
menaoned cases have been asymptomatic since splenectomy 

Immediately prior to operation, a transfusion needle is placed in the 
patient’s arm Throughout the operative procedure a compatible blood 
donor is held m readiness in an adjacent room Platelet counts and 
capillary resistance determinations are performed before, during and 
shortly after removal of the spleen It is not unusual for all bleeding to 
cease and for both the capillary resistance and platelet count to show 
appreciable increments immediately after removal of the spleen, but 
before the abdominal closure is completed In the rv’^pical case, there is 
a cessation of the bleeding tendency and an abrupt rise in both of the 
latter values within the first twenty-four hours after opeiation In most 
instances, the capillary resistance tends to rise more rapidly than the 
platelet count 

The postoperative course of these pauents frequently tends to be 
stormy Persistent distention and a remittent t^qie of fever have been 
the two most common complications in our series of cases The etiology 
of the fever has in all instances remained a mystery We suspect that 
It may be due to a thrombophlebitis of the splenic vein In at least two 
cases in which it occurred, it subsided abruptly following the administra- 
tion of prontylin It should be remembered, however, that in purpura 
this drug must be used with more than ordinary caution in view of its 
occasional detrimental action on the blood elements 

Despite the possible complications of the postoperative period and 
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the increased hazards encountered in operating upon individuals with 
this disease, we have no operaave deaths to report m this group In this 
connection, it cannot be emphasized too strongly that operation should 
only be attempted by an unusually well qualified surgeon 

Results 

Up to October i, 1938, forty-two patients with idiopathic throm- 
bocytopemc purpura had been treated m the Spleen Climc of the 
Presbyterian Hospital Twenty-two of these individuals had undergone 
splenectomy The remaimng twenty had been treated conservatively 
One patient m the group undergomg splenectomy was operated 
upon too recently to warrant mclusion m the following tables Conse- 
quently this case does not appear in Chart I which depicts the follow-up 
results in twenty-one operative cases 

In thirteen of these uventy-one cases, the disease appears to be 
permanently arrested In five, because of some trivial incident in an 
otherwise perfect follow-up, it has been designated as markedly im- 
proved Therefore the results in eighteen, or 85 7 per cent of this group 
may be said to have been eminently satisfactory 

Of the three remaimng cases subjected to splenectomy, tv 0 have been 
improved, but by no means symptom-free, since operation, and one has 
died of the disease This death occurred eighteen months after operation 
and was apparently caused by cerebral hemorrhage Unfortunately, 
permission for an autopsy could not be obtained The one other death 
in the operative group occurred in an individual whose purpura had 
been completely arrested for thirteen years It was due to an unrelated, 
intercurrent disease 

The follow-up results on the tvent}^ conscra au\ cly treated cases 
of idiopathic thrombocytopenic purpura arc shov n in Chart II In onh 
two of the twenty cases in this group does the disease appeir to be 
completely arrested In none can it be classified as markedly improi ed 
Therefore, consen’^ative therapy can be said to lia\ e been entirely suc- 
cessful in only 10 per cent of the group 

The folloM-up reports on the eighteen patients remaining in this 
group may be summarized as follows In four instances the disease is 
still present, but has shown some degree of improiement, in thirteen 
instances, its initial se\erir\' remains unchanged m one inst-’ncc it 
pro\ed fatal, the patient haiing died in an acute flare-up of the dise’se 
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IDIOPATHIC THROMBOCVTOPEWIC PURPURA 
CESSATION OF ACTIVITY 
FOLLOWING SPLENECTOMY 
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Cause of Death 
I -Cerebral Hemorrhage 
#■2 - Unrelated Disease 

Chart I 

1 Eadi circle represents si\ months in the clinical course 

2 The letter S indicates time of splencctomj during the entire period patient uas 
follow ed 

3 Clear circles denote asjmptomatic periods Shaded circles denote periods with s\mp- 
toms Black circles denote deatli 


At necropsy, death was found to have been due to cerebral hemorrhage 
It IS therefore apparent that in these eighteen cases, which comprise 
90 per cent of the conservatively treated group, the follow-up results 
were unsatisfactory 

If the operative and non-operative groups are compared (Table III), 
It will be seen that satisfactory results were obtained in 85 7 per cent of 
the operative an^d in only 10 per cent of the non-operative On the 
other hand, splepectomy yielded unsatisfactory results in only 14 3 
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IDIOPATHIC THROMBOCYTOPEWIC PURPURA 
PERSISTENCE OF THE DISEASE 
WITH CONSERVATIVE THERAPY 
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Chart II (refer to ke\ under Chart I) 
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TOTALS IN THE TWO GROUPS 
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SPLENECTOMY IN 
SECONDARY PURPURA 

CASE* 
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per cent of the cases so treated, while conservative therapy failed to 
produce satisfactory results in 90 per cent of the cases treated by this 
method It is on this comparison that we base our contention that 
splenectomy is the most effective therapeutic measure at present em- 
ployed in the treatment of idiopathic thrombocytopenic purpura An 
essentially similar conclusion was reached by Wintrobe, Hanrahan and 
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Thomas'' of Johns Hopkms m their paper on purpura hemorrhagica 
published m 1937 

Results of Splenectomy in Atypical Purpltia 

Chart III depicts the follow-up on elei^en cases of atypical purpura 
which were subjected to splenectomy In every instance the purpura 
proved, subsequent fo operation, to be of the secondary, or symptomanc 
type 

Satisfactory results follov ed operation in only four instances In one 
patient, the bleeding tendency has been impro\ed shghtly and in 
another, it does not seem to have been affected by operation The remain- 
ing five patients are dead One of these patients died before lea\ mg the 
operatmg table, one succumbed to a postoperatn e comphcauon and the 
remainmg three died after lea\ mg the hospital of diseases to y hich the 
purpura was apparently secondary 

In three of the four cases benefited by operanon, the purpura yas 
associated with acute, transient infection In the fourth it y as apparently 
secondary to poisoning by gold thiosulphate It seems not unlikely 
therefore, that, had the associated etiologic factors m these four cases 
been eradicated prior to splenectomy, the bleeding tendenc\ might 
have ceased y ithout operative interference 

In the seven cases m y Inch splenectomy y as folloy ed by unsatis- 
factory or fatal results, the purpura later pro\ ed to be associated yuth 
an aplastic anemia m r\\ o instances, y ith an undiagnosed disease process 
m two instances, and avith an acute rheumatic cardius a miliara’ tuber- 
culosis and an osteosclerotic anemia m the remaining three rcspcctnc 
instances 

This group of cases is presented to illustrate the diagnostic pitfalls 
futile operations and high mortahrv' so frequently encountered among 
the atypical purpuras 

Conclusions 

I In the \ast majorin' of instances m which it is encountered 
purpuri represents a symptom-complex rather than a disease cnrin 
: In children thrombocytopenic puqnira gcncralK presents a 
different picture md a different problem from that obsen ed m adults 
3 In adults priman' or idiopathic throml)oc\ topenic purpura is -j 
rclatnely rare condition occurring prmcipilK m yoinen Its course 
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if untreated, is characterized by chronicity and recurrence 

4 The diagnosis of primary or idiopathic thrombocytopenic 
purpura should only be made after all of the etiologic factors known to 
be associated with the appearance of secondary purpura have been care- 
fully excluded 

5 "When performed by an experienced surgeon, splenectomy is the 
most effective foim of therapy at present employed in the treatment of 
idiopathic thrombocytopenic purpura 

6 The removal of the spleen for the relief of hemorrhagic mani- 
festations in cases of atypical or secondary purpura is emphatically 
contraindicated and is attended by a high incidence of disappointing 
and fatal results 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETIKGS 

NorasiBER 3 — The Kew York Academy of 
Medicine Executive Session — a] Read- 
ing of the minutes, b] Report of Nomi- 
nating Committee, c] Report on election 
of members ^ Papers of the ei emng 
(Graduate Fortnight) — a] The "It eslei 
M Carpenter lecture Hemophiha, Wil- 
liam H Howell, Baltimore, b] Classifi- 
cation and treatment of purpura, Na- 
than Rosenthal, Associate in ^ledicine 
and Hematologist, The Jlount Sinai 
Hospital 

Non-MDEU 17 — The Harvey Society (in affili- 
ation with The New Tori Academy of 
Medicine) The Second Hariei Lecture, 
The Significance of the Albumin Frac- 
tion of Serum, A Ashley Weech, \sso- 
ciate Professor of Diseases of Children, 
College of Phjsicians and Surgeons 

Decevibeii 1 — The New York Academy of 
Medicine Executive Session — a] Read- 
ing of the minutes, b] Election of Acad- 
cm\ Ofiiccrs Papers of the eicnmg — 
Symposium on serum therapi in pneu- 
monia — a] Present status of serum thcr- 
api, Russell L Cecil, Professor of Clin- 
ical Medicine, Cornell L nii ersiti Medical 
College, b] Results with rabbit serum, 
Cohn MacLeod (b\ in\itation). Asso- 
ciate, The Rod efeller Institute for 
Medical Research, c] Program for meet- 
ing the pneumonia situation, M heclan 
D Sutliff (b% inMtation), Assistant Di- 
rector, Pneumonia Control Dn ision. Bu- 
reau of Laboratories, Department of 
Health, Discussion In Edward Tolstoi, 
Tesse G “M Bullow a, Ralph S '\Iiickcn- 
fuss (In mutation) 

Dici-Miiin 15 — The Harvey Socictu (in r fili- 
ation with The Nc-c Yorl Academy of 
^ledirinc) The tliird Hanes Lecture 
Heat I OSS from the Human Bom, Eii- 
cene r Du Bois Professor of ''Icdicinc, 
Cornell tnnersiM Alcdical Collcae 


Jaxuapt 5 — The New Yorl Academy of 
Medicine Executive Session — a] Read- 
ing of the mmutea, b] Amendment to 
Constitution and Bv-Laws, c] Presen- 
tation of Diplomas ^ Presentation of 
annual reports (to be read b\ title) 
The Council, The Trustees, The Treasu- 
rer, Committees Address of the retir- 
ing president, James Alexander Miller 
f Address of the incoming president, 
Malcolm Goodridge ^ Papers of the 
evening Snnposium on chronic gastritis 
— a] Recent advances in diagnosis In 
gastroscopv, Rudolf Schindler, Associ- 
ate Professor of Aledicine, The L'nner- 
siU of Chicago, b] Clinical aspects, 
BurriU B Crohn, Associate in ‘'ledicmc. 
The Mount Sinai Hospital •'Peport on 
election of members 

JwrAiiT 10 — The Harvey Society (in affilia- 
tion with The New Yorl drademy of 
Medicine) The fourth Hanei Lecture, 
“Proteins as Chemical Substances and 
Biological Components, ’ Edv in T Cohn, 
Professor of Biological Chemistn, Har- 
vard ■'ledical School 

SECTION MEETINGS 

NomjtiiEn 6 — Joint Mcctiny, h ciiroloan and 
Psychiatry and the New Yorl heuro- 
loaical Society Papers of tlic E\caine — 
a] Brief manic depre^^ne cscle as m 
epileptic process, Richard M Brictner, 
xMbert Rosner (In imitation) Discus- 
sion b\ Nolan D C Lewis (In inii'a- 
tion) , b] Pathologic il laiiching and i ri - 
ing, a neuro-anatnniical ncuro-jiln s o- 
logical and psschologital studs, Charles 
Dnison Harold Kclinan (In in it-'- 
tion) , Di'cussioa In Hcn'i VLOjirile , 
Nolan D C Lc IS (In in itatinn) c] 
'tome asneefs of the hiochcmis'r of al- 
coholic delirium Herman M o-tis (In 
nsitalion), S Bc'n i-(’ M o-ti P''ula 
F’-anl (In inMtatmi), No-ian to'li.Te 
(1)' imit->*ina) Ka'-] 'I bowman fliv 
insita'ion) Dneus ' 00 Iw lo ‘c- Kc - 
ncdi 
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Bcrmntoloqy and Bvphiloloqy 'Hus Section 
held no inccling because of conflict m 
date vilh the Graduate Fortnight 

Burgery I ins Section held no meeting be- 
cause of conflict in date Mith the Gradu- 
ate Fortnight 

Nontmulu 0 — rij'^torical and Ctdlural Medi- 
cine He iding of the Minutes ^ Papers 
of the Evening — a] Sir Benjamin "Ward 
Richardsons Ilvgciopohs, and Jules 
\ erne’s Frinceville, Ramsev Sjiillman, 
Discussion bj Haven Emerson, b] 'Jhc 
larvngcil cancer of Frederick the Ihird 
of Germanv, George T Pack, Discussion 
bv James Ewing ^General Discussion 
^Exccutnc Session 

Noviviiun 10 — Pcduilric'! On iccount of the 
meeting of the American Academv of 
Pcdiatrius it Rochester this month, there 
was no meeting of the Pediatiic Section 
U the Ac idcnn 

NovEMina 15 — Medicine Reading of the 
Minutes ^Paptis of the Fvening — i] 
Ihe pathologv and clinic il manifesta- 
tions of polv neuritis, I S Meclisfcr 
Discussion bv Foster Kennedv , b] Ihe 
role of hcavj metals and infections in 
polv neuritis, Leon II Cornw ill. Discus- 
sion bv E D Friedman, c] Evaluation 
of vitamin B, (thiamine cliloride) in the 
treatment of polv neuritis, Jlartin ^ or- 
haus, Discussion bv Norm in JollifTc 

NovLMBEn 16 — Otolaninqoloqii Reading of 
the ^Iinutcs ^Papers of the Evcninc 
Sjnmposium on otitic meningitis — n] 
Diagnosis — Bacteriological, A A Egg- 
ston, Diffeiential, I G Dvvver, b] 
Avenues of infection, M F Jones c] 
Operative treatment, Weslev Bovvers, 
d] Chemotherapv , Emanuel Appelbauin 
(f Diseussion, Josephine B Neal, Philip 
D Keinson 

Noveviblr 16 — Ocnilo-U unary Snrgeui 

Reading of tlie minutes Papers of tlie 
evening — a] Endoscopic photographv% 
Andrew Peterson (bv invitation), b] 
Case report aplastic kidnev s, J K 
DeVries, c] New aspects in the ticat- 


ment of vaginitis in children. Rose \ni1re 
(bj invitation), d] Prevention of recur 
rent icnal stone bv calveeal resection, 
Francis 'Iwinem, c] Treatment of post- 
operative and inoperable urological tu 
berculosis, Stanlev Vang (bj mvita 
tion) , f] Lrethrograms in infants and 
children, Paul M Butterfield, g] Report 
of results of certain newer plastic oper- 
ations in urologv, Oswald S Lovvslev 
^ General discussion 

Novivtnin 16 — Orthopedic Surgery Instead 
of the regular meeting of Ortliopedic 
Surgerv at the Veademv, the members 
met in Philadelphia at a joint meeting 
w ith the Philadelphia Orthopedic Club 
of Tefferson Medical College 

NovEvtnin 21 — Ophtlialmoloqv Instructional 
hour — Perimctrv of chiasmal lesions, 
Ralph I Llovd ^ Slit lamp demonstra- 
tion, Milton L Berliner, Wendell L 
Hughes, Girolamo Bonaccolto, Gordon 
M Bruce (iReuling of the minutes 
(8 30) 5) Report of committees ^ Pres- 
entation of eases — a] Recurrence of ocu- 
lar hvpcrtension eighteen vears after an 
Elliot trephining, Mark Schoenberg, b] 
A report on the use of sulfanilamide in 
the treatment of inclusion coniunctivitis, 
Phillips Thjgeson (bv invitation), c] 
Grenr rav in ophthnlmologj , Ravmond 
Pfeiffer, Discussion bj Gustave Biicky 
(bv inv Ration) Papers of the ev ening 
— Interpretation of fundnl changes asso- 
ciated vv ith arterial livpertension, Wal- 
ter I Lillie (by invitation) 

Novivinru 22 — OOvfcfnci and GynecoJoqy 
Presentation of a case — A case of fibro- 
mvosis uteri, Frank Spiclman (bj invi- 
tation) , Discussion bv Samuel H Geist 
^ Papers of the ev'ening — a] Sterilization 
in the female (Mndlener technic), Er- 
w in V on Graff (bv inv Ration) , Discus- 
sion bv' Robert L Dickinson, William 
1 1 Cary (by invitation), Mortimer N 
Hvmms, b] Pitfalls of version, Mdton 
G Potter, Buffalo (by mv Ration) , Dis- 
cussion bv' William E Studdifoid, Wil- 
liam E Caldwell General discussion 




MARCH 1939 


215 


Decejibeb 2 — Surgery Reading of the min- 
utes ^ Presentation of case reports — a] 
An abdominal reflex complicating anes- 
thesia, Thomas H Russell, Discussion 
bj M C Peterson (bi mutation), b] 
Toxic effects of carbon dioxide, Wallace 
B Murphy (bv invitation). Discussion 
bv B B Lennon (bv invitation), c] 
Untoward reaction vvitb avertin, Henrv 
W Cave, Discussion bv Lewis S Bootli 
(by invitation), d] Atelectasis compli- 
cating surgerj, Louis Rene Kaufman 
Discussion bv Donald E Brace, e] Vn- 
esthetic management during ruptured 
ectopic pregnancy, Wilbam E Studdi- 
ford. Discussion bv John Adnani (bv 
invitation) ^Papers of the evening — a] 
Newer anesthetic agents, Paul M Wood 
Discussion bv T Drvsdale Buchamn 
(bv invitation), b] Newer anesthetic 
technics, E A Rovenstine, Discussion 
bv T Drysdale Buchanan (bv invita- 
tion) ^ General discussion 

DrcEvrnEn 6 — Dermatology and Syphilology 
Reading of the minutes Presentation 
of cases — a] Mt Sinai Hospital b] Mis- 
cellaneous cases General discussion 
Executive session 

Drcrvmrn 8 — Pediatric^ Presentation of 

case, Brittain F Pavne ([ Papers of the 
evening — a] Normal development of the 
eve through infancv and childliood, Wil- 
lis Knighton, b] The rcsponsibilitv of 
the pediatricians in regard to children’s 
eves, Brittain F Pavne, c] Care of the 
eves in acute contagious and infectious 
diseases, David Webster, d] Manage- 
ment of strabismus in infancv and child- 
hood, Mavnard Wheeler Discussion, 
John Dunnington, Le Grand H Hardv 
^ Execiitiv e session 

Drcrvinrn 13 — Neurolony and Psychiatry 
Reading of the minutes ^ Papers of the 
evening — a] Pathologic aspects of come 
forms of trauma to the brain and spinal 
cord, Lewis Stevenson, Discussion bv 
Beniamin M Vance, Milton Helpcrn 
b] Tlic place of Roentgen rav in the 
diatmosis of head iniuric', Cornelius 
Dvkc Discuscion bv I to ''I DavidoiT, 
rmaniicl D Fncdman c] \ conipa-a- 


tive studv of the dehvdrating action of 
dextrose, sucrose, sodium chloride, sor- 
bitol and caffeme as determined bv 
changes m the cerebrospinal fluid, Jet- 
ferson Browder (bv invitation). Dis- 
cussion bv S Bernard Wortis 

Dfcevipep 16 — Orthopedic Surgery Reading 
of the minutes ^ Presentation of cases — 
a] Congenital subluxation of the fifth 
toe and its correction bv a periosteo- 
capsuloplastv operation, Leon L intz- 
ounis, b] Cavernous angioma of the 
tibialis posticus muscle, Edgar D 
Oppenheimer ^ Papers of the evenimr — 
a] Mabgnant giant cell tumor of the 
tibia. Case report, Samuel Kleinberg 
Discussion bv Henrv L Jaffe, b] The 
evolution of the spine fusion, M Beckett 
Howorth, Discussion bv Matber Cleve- 
land, c] Three and one-half vears expe- 
rience with the corkscrew bolt and some 
points regarding its insertion, Robert K 
Lippmann , Discussion bv Philip M il'on 
(f General discussion Executiv e session 

Dpcembei? 19 — Ophthalmology Instructional 
hour — Neurologv of visual apparatus, 
George \rlhur Blakeslee T Slit lamp 
demonstration, Milton L Berliner, "Wen- 
dell L Hughes, Girolamo Bonaccolto, 
Gordon M Bruce Reading of the min- 
utes (8 30) y Presentation of cases — a] 
Gonioscopic apparatus, Donald "U' Bo- 
gart (bv inv Ration) , b] V congenital 
tvpe of endothelial dv strophv , F rcderick 
H Theodore (bv invitation) c] S. tvpi- 
cal primarv degeneration of the retina 
(retinitis pigmentosa 'inc pigiiicnto) 
Report of three instances in a familv of 
five children, Samuel P Oast d] Cho- 
rioretinitis of the macula Report of a 
case with an extension from the macula 
area quiescent at least twelve vears 
Ravmond Emorv Meek e] Bacternl 
svnergism in lid necrosis Report of a 
case, Isadore Givner v Paper of the eve- 
ning — Fundus evidence of ocular injurv, 
\rthur T Bedell 

Drcp'srri 20 — Joint "'feefne "'/edio-f end 
tic yt — I'o'/ Dmhcti'' Associ'-tiT 
Rcadinr of the minutes r pape,-s of 
evenne — •’] P-csc"t s*-,fi s of pro*''"iwe 
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/me mstilm tlicrij»\, Iltr/n.in Linde (In 
in\itation), b] Protamine /me insulin 
V tuctihohe stu(h of two sc\ ere ea’ses 
of diabetes Mitli comments on tnltri i 
for treatment, Edward 'lolsloi. Discus- 
sion lie hiijiLDL ] Dll IIois, Geor/rc E 
\ndcrson (In in\ it ition) , c] Die in m- 
igcmcnt of diatietic acidosis and its ac- 
eompin\mp “medical shock,” II R.iwlc 
Gee elm. Discussion be loins I) iiiman 

Dicieiiiiii 21 — Gduto - Urni'tn/ Stirt/rr'i 
Ueidmg of the minutes (JNcee instrii- 
iiicnt — \ cestoseope bolder, Vrtliur \ 
Rosent/i.il (j' Case report — leeo uniisii it 
eases of diecrliciili of tbc iirinare b) id- 
eler T Sednee Ritter Paper of the 
eecnmg — I he influence of icccssore ren- 
il ecssels m certim cases of he drone- 
phrosis, Hugh T Tceeclt, Baltimore (be 
meitition) Discussion be \umislus 
ll.iriis, George P lloch, 'Diomies 1 
Kireem Gcner il discussion 

DicrMiiii! 21 — Olol'irimoolodi/ Rcadmir of 
the minutes (J Papers of the cecninc — 
a] Deep infections of the neck, (1) 
\nntonie, Tobn M I ore, (2) Diagnosis 
ind trcitmcnt, licnre B Orton, ( I) 
Discm‘;ion, Ifcnre S Dimnmg, J E ist- 
man Sbecbin, b] Paci d parilesis (1) 
Nerec graft opcnition, 'lliomas G 
Tickle, (2) PI istic reconstruction, Clar- 
ence R Straatsma (be ineitation), (T) 
Discussion be T II Tcnnce (be ineita- 
tion) 

DrcrariiEn 27 — OIntetuci nnd OynccoJoqv 
Picscntation of cases — a] Puerperal sep- 
sis, folloeemg spontaneous dcliecre, sul- 
fanil imide tieatmcnt, A C Posner (be 
meitation), b] Pie - eclampsia - teems, 
Mcecr Rosensohn, c] Diabetcs-Ccsarcnn 
section, A J Fleischer (hv mutation) , 
d] Circmomi dee eloping m teratoni i of 
oeare, (1) Clinical, I Smilee' (be inei- 
tation), (2) Pathological, L Ausler (be 
meitation), e] Granulosa cell tumor of 
oeaie, II B Schocnhcig, Discussion be 
F R Smith Lantern slide demonstra- 
tion — a] X-Ray e isualization of soft 
tissues of prcgnance' it teim, Aleecr 


Rosinsohn, M Snow, Discussion he J 
R Carte, Solomon M cintraub |i Paper 
of the eecnmg— i] Infectious diarrhea 
of ucee born, Joseph Ftlscn, Discussion 
be Henre Ilciinan 

leM eiie } — Dcnmitoloq;) and Syphiloloi;^ 
Presentation of cases— a] Xcev Aork 
Lniecisite College of Medicine and Bel 
he lie Hospital, bj Miscellaneous cases 
Gcncr d discussion |j Exccutie e session 

1 \M eiie 0 — Siir/jcri/ Rcubng of the min- 
utes ^ Presentation of cases— a] Ob- 
struction of the rectosigmoid be adhe- 
sions, Edee in B Eckerson, Discussion 
be Edee ird T Donoean, b] Colcctome 
md ilcosigmoidostome for nuiUiple 
poleposis 111 a child 11 eeirs of age, 
Ireein E Sins, Discussion be John H 
Morris, c] Pibrolipoina of the cecum, 
evith ccco-colic intussusception and ul- 
(iratiec colitis, Joseph H Fobes, Dis- 
(iission be licnre Caec, |y Papers of 
the eecnmg — 1 M ilign.ince of the colon 
simiilatimr other disc ises, \ Lightstone, 
Discussion he \\ ilham C M lute, 2 A 
smiplification of the perineal operation, 
Jerome Lentil, Discussion be A inccnt 
Ilurlce 3 Multiple st igc operations m 
siirgcre of the colon, R.ilpli Colp, Dis- 
cussion be AVilbam F MacFee ’['Gen- 
eral discussion 

I esc Mci 10 — Combined Meeting, Keuroloni/ 
and P^iichiatrij and (ho B c-j lark 
curolaqical &ocicti/ Papers of the 
eecnmg — a] 'Ihc treatment of deperson- 
ib/ition, Paul Scliildcr, Discussion he 
Manfred Sakel (he meitation), Lotus 

Mender b] V method for diffcrcntnt- 
imi iiianit-dcpicssiec depressions from 
othei depressions be’ me ms of parotid 
sicretions, Edeeard I Stroncin, Lcland 
E Ilinsic, Discussion be Karl M Boee- 
man (be meitation), Harold G Molff- 
c] Psechiatnc disorders m fifte school 
teachers, James II Mall (be meitation), 
Discussion be Robert B MtGraev, Lc- 
1 ind E Ilinsic 

J\Nueu\ n—IMorual and Cultural Mcdi 
cine Reading of the minutes [[Pajiers 
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of the evening — a] Obstetrics at the 
New York Almshouse and Belleiue 
Hospital Lantern slides, Claude Ed\ in 
Heaton, Discussion bv William E Cald- 
well, b] Obstetric forceps from the 
Chamberlens to the present Lantern 
slides, Herrej C Williamson, Discussion 
br B P AVatson, Andrew A Marchetti 
General discussion Executii e session 

jAMJAiri 12 — Pediatrics Residents’ night 
Papers of the erenmg — a] New Aork 
Unn ersiU Medical College, ‘ Subacute ’ 
pneumonia, Herbert Johnson, Belleiaie 
Hospital (b\ mutation), Discussion 
opened b^ Edith M Lincoln, b] New 
Aork Uni\ersit\ Medical College, Men- 
ingitis srmpathica as an onset of Pott’s 
disease, Lawrence Slobody, Metropoli- 
tan Hospital (bv inMtation), Anthon\ 
Alaffia, Metropolitan Hospital (bv invi- 
tation), Josephine B Neal, Discussion 
opened b\ Reuel A Benson, c] Cornell 
Uniiersitv Medical College, Drsosto'is 
multiplex. Tames AI Hanks, New York 
Hospital (b\ inMtation), Milton Ber- 
liner, Discussion opened bi Samuel Z 
Lei me, d] College of Phisicians and 
Surgeons, Treatment of pneumococcal 
infections with 2-sulfanilvl aminopiri- 
dine, Gilbert M Jorgensen, Babies Hos- 
pital (bi mutation). Discussion opened 
bi Rustin Alclntosh, David Rutstein (bi 
mutation), Henri Christian (bi muta- 
tion) 

JANUAna ](i — Ophthntmnlnriv Instructional 
hour T ocal anesthetics AValtcr S 
Atkinson Slit lamp demonstration, 
Alilton T Berliner AVcndell Huches 
Girolamo Bonaecolto, Gordon AI Bruec 
*1 Rending of the minutes (8 TO) iT Pres- 
entation of cases — i] Alcninirioma pro- 
diicintr unilateral exophthalmos, Tames 
At Smith b] A (alibratcd nipple for 
eonfael lenses Toseph I Pascil e) 
Lcritilis in Hurler s disease, Aldton 
I B( rimer d] \ rare tumor of the 
orbit Color photoimcroirraphs of biopsy 
matrnil from orbit sternum and cl ind 
from neck Color photomicrographs 
showimr blood picture A\ ilbam McI can 
Itobirt A\ A\ ird (b\ m'lti'ioi) Wil- 


liam E Aouland (ba in\ Ration), e] 
Pelation of aascular disease to retinitis 
A new clinico-pathological studa (with 
slides), S A Agatston 

J ax Lara 17 — Medicine Reading of the 
minutes ^Papers of the eaening — a] 
Pneumonias other than pneumococcus 
pneumonia, A ale Kneeland (ba inaita- 
tion). Discussion ba Daaid D Rutstein, 
Medical Consultant, Bureau of Pneu- 
monia Control, Albana (ba ma Ration), 

b] Prcliminara report of the use of 
sulfanilamide paridme (M &. B G93) in 
the treatment of lobar pneumonia, 1 
The absorption, acetalation and excre- 
tion of AI &. B G93, H E Stokmger (ba 
ina Ration), 2 Neaa A'ork Hospital and 
Belleaue Hospital, Norman Plummer, 
Herbert Ensaaorth (ba maitation), 3 
Rockefeller Institute, Colin Mad eod 
(ba maitation), 4 PresbaRenan Hospi- 
tal, C A Ragan, Jr, Crispin Cooke (ba 
maitation), 5 Rooseaelt Hospital, E B 
Sanford (ba maitation). Discussion ba 
A R Docher, T G M Biillowa 

TxMARa 18 — Ocnito-Vrinarn Suraery 
Reading of the minutes v Case reports 
— a] Alalignant hiccup as a complication 
of prostatic resection and cured ba bi- 
lateral phrcnicectoma, Meredith F 
Campbell, b] Prostatectomv at age of 
one hundred and ten, J Baaard Clark, 

c] T-ciomaoma of the prostate avith 
resume of twenta cases, Alorris Robert 
Keen (ba maitation) ^ Paper of the 
caening — Transurethral prostatic re ec- 
tion Experience aaRh 1,200 patients 
seaenta a ears of age or more, Gershom 
T riiompson, Rochester, AIinnc=ola (ba 
maitation), Discussion ba IRnra G 
l>u_bcc and T Stiirdiaant Read 

laxrana IS — Otolaninaolo/jii Peadiar o^ 
the minutes e p^ppj.^ jpp c^cnmc — 
Held trauma diacnosi^ and treatment 
— a] Fractures inaolamir the no=c and 
face T D A\ liitham (b a maitation) 
Discussion ba Jose,ih D Kella b] F^'C- 
turcs of the skull in o'aine the *e n n-al 
bones T A\ inston Foalle Di c’ o” 
ha Isidore Frie nc" el O com eh'is 
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DIAGNOSTIC SIGNIFICANCE OF CHANGES 
IN LEUKOCYTES' 

M iM WiN'TROBE 

EFORE discussing leukocytes from the diagnostic \ lew point 
It will be profitable to consider some of their characters 
and functions Because w e arc accustomed to stud\ these 
cells after they have been fi\cd and stained, w e \ isuah 7 c 
them as rounded structures with blue nuclei of \arious 
shapes, and cytoplasm of different colors and often containing uramilcs 
It IS important for our understanding of them, to remind ourscK cs that 
the leukocytes are colorless corpuscles which arc actncK motile Tiic 
Lewises^ ha\ c made motion pictures of Icukoct tes as thc\ ijrow in smil! 
hanging drop cultures in autoplasma Photographs arc taken -it the rite ol 
twenn -four frames a minute, and w hen these arc show n at the ciistomir\ 
rate of 960 a minute the picture is a most interesting one 

The poh morphonuclcar neutrophilic Icukoce tes arc \ cr\ actn c cells 
w Inch rarcK cease ino\ injr if temperature conditions irc those oi tiic 
body Locomotion is ameboid in t\ pc with long psciidopoJs cxtcndinfr 
forward and the nucleus trailing behind Thc\ mo\c at tlic rate of z 6 to 
per minute TIac crimilcs can be seen as rin\ round rclr’ctilc bod'cs 
complctch filling the catoplasm and streaming along in ir 
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Less mature cells of this senes are less active Myelocytes are usually 
slow-moving in comparison with the polymorphonuclear cells and only 
in the metamyelocyte or juvenile stage of this series of cells does stream- 
ing of the granules, so characteristic of the mature forms, begin to appear 
These granules, and the fluidity of the cytoplasm, speak for the func- 
tional activity of the cells 

The neutrophilic polymorphonuclear leukocytes are spoken of as 
microphages because they engulf and digest bacteria and small particles “ 
They form the second line of defense against invading organisms, after 
the first line, represented by the skin and mucous membranes, has been 
passed They probably also play a role in the disposal of necrotic tissue 
and the removal of inflammatory fibrin This is done \\ ith the aid of en- 
zymes contained in these cells which include proteolytic enzyme,^ amy- 
lase,^ catalase, trypsin and oxydase 

Eosinophils are less persistently motile than neutrophils Our concep- 
tion of the function of these cells is based largely on indirect e\ idence 
and depends on the circumstances and situations in which they are found 
An important role in detoxification is attributed to them, as well as in 
the disintegration and removal of protein, of endogenous as well as of 
exogenous origin 

Lymphocytes move as quickly as polymorphonuclear leukocytes and 
in a characteristic manner The nucleus is at the anterior end and the 
cytoplasm seems to pass through “constriction rings” which appear to be 
static, that is, they retain their position in relation to objects external to 
the cell Lymphocytes are not incessant in their movement but rest from 
time to time 

The lymphocyte is a mysterious cell from the functional standpoint 
It IS not phagocytic but seems to be involved in some way in the healing 
process Lipolytic enzymes® have been found in these cells and have there- 
fore been attributed a role in the metabolism'"’ of fat and in the defense 
against antigens containing lipoids Because of their strategic position in 
lymph nodes, lymphocytes have been thought to have an important role 
in toxin fixation They may also be concerned m antibody formation 

Monocytes also have a characteristic type of movement They possess 
a delicate surface film which is irregular or wavy in outline and the cell 
advances by a sort of sliding, waving motion Monocytes contain granules 
and vacuoles and are actively phagocytic Because of their liking for large 
particles, such as protozoa, particulate matter and red corpuscles, they are 
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known as macrophages and scavengers From these cells are thought to be 
derived the epithelioid cell of tuberculosis, the Lancrhans’ mant cell and 
the tissue macrophage or clasmatocyte (histocyte), cells t\hich arc prob- 
ably important in the defense against bodies too large to be engulfed bv 
monocytes 

The simplest method for studying leukocytes is by the evamination 
of the wet, unstained film of blood A drop of blood is picked up on a 
cover-slip This is inverted on a slide and ringed w ith \ asehne in order to 
prevent drying The supravital technique" is a modification of this pro- 
cedure in which certain dyes are added to the blood ith the result that 
granules, vacuoles and mitochondria in the leukocytes arc stained and the 
examination of the living cells is thus facilitated The method is quite 
simple and does not deserve the awe m which it Ins been held 

For routine work, the staining of dried films of blood by one of the 
Romanowsky procedures, of which Wright’s stain is the most popular in 
this country, is probably the most suitable This method offers not only 
permanent preparations which may be easily transported, if ncccssan*, 
but also stains the nuclei of the leukocytes, an important aid in the differ- 
entiation of the various rv^pes of cells 

Classific vTioN* OF Leukoctites 

The use of stains for the differentiation of leukocytes is based on the 
brilliant investigations of Paul Ehrlich almost sixy ^ ears ago His studies 
made possible the distinction of eosinophilic, basophilic and neutrophilic 
granules and the sepiration of lymphoc) tes and monoc\ tes or “tnn^'i- 
tionals” as he called them, from the myeloid senes of cells 

Attempts to subdivide the leukocytes further have been confined 
chiefly to the myeloid series of ceils In 1904 Arncth® attempted to class- 
ify the circulating neutrophilic lcukoc\ tes according to the morphologv 
of the nucleus He subdiv idcd these cells into fiv c main groups according 
to vv hether the nucleus consisted of one nv o, three four fiv c or mo’-c 
seemenrs and then further subdivided them as shown in Fiji i Such 
chssificinon was obviouslv too coiiiphcared and impractical Ncvcnlic- 
Icss the principle of his method is snil used todn \mcth showed th r 
the nucleus of the neutrophil in its development from the mvclocvte o, 
the bone marrow, becomes gradually more indented -ind divides, '’s r 

frrows into m mcrcising number of vcpirue lobes He dso nt-oauce ' 
the term shift to the left to indicite in mere isc m the v o mg tehs -nd 
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Fig 1 — Vrncth’s clnssificntion of ncutroplnlic leiikoc\tcs The number of each of 
these cell t\pcs winch he considered norninl is shown in per cent 


“shift to the right” to indicate an increase in the older cells These terms 
arose from the fact that Arneth recorded the number of cells of each 
type m a series extending from the youngest forms at the extreme left to 
the oldest forms at the extreme right, m the same order as sho^\'n m Fig i 

The first practical modification of the Arneth method ums the Schil- 
ling classification (1911) Schilling divided the neutrophils into four 
groups, namely (i) myelocytes, (2) juvenile neutrophils in which the 
nucleus is indented but not yet segmented, (3) segmented neutrophils, 
(4) “stabkermge” or staff forms in which the nucleus is T, V or U 
shaped, and unsegmented 

The stab cells are characterized by a narrow, irregular and deeply 
stained nucleus showing little structural detail The characteristic differ- 
entiation of basi- and oxychromatin is absent Such cells Schilling con- 
siders to be produced through a failure of normal maturation He intro- 
duced the terms “regenerative shift to the left” and “degenerative shift to 
the left ” By the former he means an increase in the proportion of young 
forms of neutrophils which are, however, quite normal in appearance 
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and are thought to be sent out from the marrow in response to an 
urgent demand “Degenerative shift” refers to the presence of many stab 
cells and indicates the failure of young cells to mature as a result of 
depression of marrow function due to rouns 

In the Schilling hemogram the above mentioned types of neutrophils 
are classified and eosinophils, basophils, lymphoc) tes and monocvtes are 
differentiated Of these cells the juvenile neutrophils make up onh o o to 
I per cent and the stab cells 3 to 5 per cent 

At this point may be mentioned an anomaly of neutrophilic leuko- 
cytes w'-hich has recently attracted attention ° Pelger reported finding in 
the blood of several members of a family in Holland a great number of 
cells resembling juvenile or stab types of neutrophils although these per- 
sons were apparently in good health Others ha\ c since described similar 
findings in members of other families and this has now come to be re- 
garded as a rare familial anomaly of neutrophils w'hich must be dis- 
tinguished from the “shift to the left” wdiich occurs in infections 

Innumerable other modifications of the Arneth procedure hai c been 
advocated One of these, namely, that of Cooke and Ponder separates 
neutrophils into five classes according to the number of lobes This is 
certainly a great simplification but it is of relatn cl\' little practical \ aluc 
because emphasis is placed on distinguishing pol\ morphonuclear leuko- 
cytes with tw'o, three, four and five lobes Experience has show n that such 
a differentiation is of relatively little importance in clinical w ork Chief 
attention should be given to the differentiation of the x oungcr rvpcs of 
neutrophils 

Other modifications of the Arneth procedure hai c arisen from an at- 
tempt to facilitate the differentiation of the segmented and unsegnicnrcd 
forms Everyone xvho has tried to make a detailed differential count is 
aw'are of the difficulty of deciding w hcther certain cells should be placed 
in the unsegmented or the segmented group The so-callcd filament, non- 
filament count w'as proposed in an attempt to simphfx this nsk If a 
fine thread of chromatin can be distinguished as joining mo or more 
lobes, the cell is classified as filamented w hcreas one w hich show s no sneh 
thread, c\cn though the shape of the cell nucleus is so irregular tint it 
suggests lobuluion, is classed as nonfilimcntcd The nonfihrncntcd ctlK 
arc said to make up ? to 16 per cent of the Icukocx tes 

The chief objection to the fihmcnt nonfilamtnt count i^ thn it 's 
too irbitrarv hilc perhaps for some tcchnici-’ns a simple pro^cdurt. 
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H VRKIN’S lOMC INDEX 

T I = 10 Mj -f O J 4- 2 (S — 10) 

10 E 4- 2 L 4- V 

Legend ^I\ =nucloc\tcs, J=ju\uiiles, S = staff forms, E = eosinophils, 
L = hmphoc\tcs, \.=: adult poh morphonuclcars 


such as this is essential, it seems a better plan to scrutinize doubtful cells 
carefully and attempt to decide whether they are truly segmented or not 
It would serve no useful purpose to enumerate the \ arious other hem- 
ograms, indexes and formulae which have been proposed for use m the 
study of the leukocytes To mention some of their names will give you 
some idea of their nature "Walker’s index of resistance, the weighted 
mean of Cooke and Ponder, Needle’s neutrophilic graph, Boemer’s nuc- 
lear index, and so on Harkm’s toxic index” will give you some idea of 
the extremes to which this desire for a formula has led (Fig 2) These 
devices represent an attempt to give mathematical precision to a biologic 
process which does not lend itself readdy to mathematics They intro- 
duce no new morphologic criteria but, instead, enshroud a relatively 
simple subject with an air of complcxirv’^ and mysncism 

A discussion of the neutrophilic leukocytes would be incomplete if 
attenaon were not called to the significance of qualitative changes in the 
cytoplasm of neutrophils In the presence of severe infections, some 
of the granules of the neutrophils which normally are small, uniform in 
size, pink in color, and regularly dispersed, stain more deeply These bas- 
ophilic granules, as they are called, may be small and distributed among 
the normal pinkish granules, or they may be quite large, few in number, 
and no normal granules may be seen Abnormality of the cytoplasmic 
structures of the neutrophils is also indicated in such cases by the ap- 
pearance of the cells after staining by the peroxidase method Normally, 
neutrophilic cells are full of oxidase staining granules When basophilic 
granulation is demonstrable by one of the Romanowsky staining meth- 
ods, few oxidase reacting granules are found in the cells 

The toxic granules may be present in either young, immature cells or 
in the mature, segmented forms In addition to these changes, evidence 
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of cell damage may be found in neutrophils in the form of bluish staining 
or vacuolization of the cytoplasm In rare instances one mav see neutro- 
phils entirely lackmg in specific granules 

It IS, of course, of extreme importance to prepare and stain blood 
slides carefully when the morphologic differences abo\ e mentioned are 
sought For differential blood counts, thin films of blood on co\ er glasses 
give much better preparations than smears made on slides It is important 
to avoid over-staining and it is wise to make control preparations of nor- 
mal blood, stoned in the same way as the preparations of the patient’s 
blood Before assuming that a given prcparanon shows “toxic" granules 
and “stabkernige,” one must be sure that similar changes arc not obscra cd 
in normal blood, similarly stained If the blood film is made on a slide, it 
is a good plan to make a film of normal blood at one end of the slide and 
a film from the patient’s blood at the other The n hole slide can then be 
stained at the same time 

It was stated above that in the differential examination of the neutro- 
phils, emphasis should be placed on the younger forms rather than on 
the multi-segmented types There is one type of cell to \x Inch reference 
should be made, however This is a polymorphonuclear lcukoc\ re n Inch 
IS unusually large and x\ Inch possesses a nucleus of six to ten lobes This 
type of cell is sometimes called a macropolycyte and is charactcristicalh 
seen in the blood of cases of pernicious anemia It is nreh seen in other 


conditions 

It has not been shown conclusively that a maturation cycle can be dis- 
tinguished among the lymphocytes of the blood such as occurs in the 
myeloid senes Lymphocytes have been classified as large and small, usu- 
ally on the assumption that the former are the less mature cells Hon cr 
there is no adequate evidence that the size of lymphoex tes is a critcnOii 
of their awe Wiseman^'^ has reccntlv recommended the differentiation 
of lymphocytes as young, mature and old on the basis of differences m 
the degree of basophilia of their cytoplasm number of mitochondria and 
dcgrec'of pyknosis of the nucleus and has reported significant alterations 
in the Y iM O ntio in tuberculous infection pariicuiarix In practice 
Wiseman’s differentiation of the l\ mphoca tes is difficult c\ cn if it is -’d- 
mitred that it is thcorcticalh sound-something uhich nor -’ll hemnolo- 


gistb arc rcad\' to do 

In summarv, then 1 sun 
c\ res normally occurring in 


pic ind pricrical ehssificnioi o' the 
the blood is one w Inch disinguishts the t’ 


tree 
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Taot-e I 

REL\TnE AND ABSOLUIE VALLES FOR LEUKOCYTE COUNTS 
IN NORMAL ADULTS PER C MM BLOOD 


3 ypc of CeU 

Per cent 

Ah’fohiic Nvmber 

Irerarjc Minimum Vaxmiitn 

Total leiikoc\te‘? 


7,000 


10,000 

M\ eloc\ te*- 

0 

0 

0 

0 

Ju\enile neutrophils 

3-5 

300 

150 

400 

Segmented neutrophils 

51-62 

1,000 



Eosinophils 

1-3 

200 

50 

250 

Basophils 

0 -0 75 

25 

15 

50 

LMiiplioci'tes 

25-33 

2,100 



Monoc^ tes 

1-7 

175 

285 

500 


classes of leukocytes, namely, lymphocytes, monocytes and granulocytes, 
and subdivides the latter not only according to the type of granulation 
but according to the age of the cells, namely, )uvenile forms and seg- 
mented forms (Table i) In addition, attenaon should be given to sO' 
called “toxic” changes in the nuclei and cytoplasm of these cells 

Further consideration cannot be given here to the subject of the 
morphological characteristics of the leukocytes It may be stressed, hov - 
ever, that in learning to differentiate these cells one should acquire the 
habit of systematically examining the vhole cell One should note the 
size and shape of the nucleus, the nature of the chromatin, the presence 
or absence of a nuclear membrane, a perinuclear clear zone, and nucleoli, 
as well as the color of the cytoplasm, the size, color and number of gran- 
ules within It and the presence of any unusual structures By so doing, one 
will acquire the habit of seeing all one looks at and in time cells will be 
distinguished quickly because of an automatic recognition of these dif- 
ferences The actual identification of cells regarding which there is some 
doubt can be made only by weighing the evidence for and against each 
type of cell considered 

Technical Error and Phxtsiologic Variations 

Before discussing the changes which occur in leukocytes in disease, we 
must consider the variations which may be attributed to technical error 
as well as the fluctuations which occur under physiologic conditions 
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Bv the term “technic il error” we refer to the errors unavoidably 
associated w ith the methods employed rather than those attributable to 
the defective technique of tlie examiner The latter, of course, may be 
\ cr\ creat and has sometimes led to gra\ c errors m diagnosis 

It IS ccncralh agreed bx those w ho have investigated the sub}ect, that 
tile apparatus of responsible manufacturers in the hands of experienced 
w orkers introduces almost negligible variations as the result of filling the 
sampling pipet dilution of the sample, xanations m the calibration of the 
appinnecs and the personal factor of counting The chief error occurs 
in the mixing of the cells md diluting fluid, filling the counting chamber 
bv capillaritx and settling of cells by chance on the ruled field of the 
counting chamber The mean error due to these causes amounts to pos- 
siblv as "much as 600 cells when the leukocyte count is normal (7000) 
and an area of only 4 square millimeters (one chamber) is counted, or 
about 425 cells if the count is made in two chambers (e = VN, when e 
IS the mean error and N is the number of cells counted^®) When the 
leukocyte count is, say 16,000, the probable error xvould be about 900 
if the count w'cre made in one chamber only Tlius for these two levels 
of leukocyte count one should consider ranges of 6400 to 7600, and 
1 5, 1 00 to 1 6,900, respectively, as w'lthm the range of error of distribution 

Another question of great importance in the interpretation of the 
leukocyte count, is the significance of a change in the percentage of cells, 
let us say from 70 per cent polymorphonuclears to 80 per cent Again 
assuming that the differcnnal count has been done carefully on xvell 
stained preparations, tw^o factors must be considered One is the manner 
of preparation of the blood film, whether on cover-slips or on slides It 
IS generally agreed that in smears drawm or pulled on slides, the larger 
leukocytes tend to accumulate at the margins xvhile the smaller cells are 
distributed in the central portion of the film If it is not possible to make 
cover-shp preparations, a zig-zag course about the edge of the shde-smear 

should be followed 

The second source of error is one of chance distribution This error 
IS reduced as the number of cells examined is increased Statisucal studies 
show that a minimum of joo cells should be counted The error is 
considerably less when this number of cells is counted than when only 
100 cells are enumerated Goldner and Mann"^® have published “confi- 
dence curves” from which one may estimate the probable error of a 
differential count wTen 200 cells are counted According to these curves 
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one may, 19 times out of 20, expect the true proportion of polymor- 
phonuclears to be somewhere between 63 6 and 76 4 per cent m hen the 
count IS found to be 70 per cent Accordingly, a count of 80 per cent on 
the same patient at another time could probably be considered as being 
significantly increased Howe\er, if the count Mere made on only 100 
leukocytes, the difference wmuld be scarcely significant 

I should like to lay some emphasis on the subject of error in leukocyte 
counting, because in general physicians arc nor sufficiently critical of this, 
as of many other laborator)’- procedures Because the results are expressed 
numerically, many derive a false sense of accuracy from them It is impor- 
tant to scrutinize the figures as carefully as one examines the patient In 
fact. It IS probably even more important to do so because the physician 
usually examines the patient himself m hcrcas the laboratory studies are 
often left to an assistant 

Another matter of some importance is the physiologic variation of the 
leukocyte count It is generally stated that the normal range of the 
leukocyte count is 5000 to 10,000 It is not sufficiently recognized that 
in II per cent of apparently normal persons values above 10,000 are 
found Then again, in some persons the leukocyte count is normally 
well below 10,000 and this figure in them represents a pathological leuko- 
cytosis Furthermore, the state of physical and mental rest influences the 
leukocyte count and fluctuations normally occur during a single day as 
well as from day to day Under conditions of complete mental and physi- 
cal rest a basal level of 5000 to 7000 cells is usually attained The random 
activity of ordinary routine is often associated m ith a moderate increase 
and higher levels are found in the afternoon than in the morning Diges- 
tion of food probably does not cause appreciable leukoc}'tosis as was 
formerly the opinion 

Strenuous exercise or convulsive seizures cause a well marked leuko- 
cytosis, even as high as 35,000 It is important for the physician to bear 
in mind, moreover, that fear and apprehension, pain and even nausea and 
vomiting may produce leukocytosis The injecDon of adrenalm and 
ether anesthesia do the same It is important to note, howei^er, that the 
leukocytosis produced by these factors is not characterized by an increase 
in young cells in the blood Consequently a differential leukocyte count 
IS of great importance in distinguishing physiologic from pathologic 
leukocytosis 
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I AIII I II 

1 \C10I!S I\I I I PNCING T IIL M \GMI LDE OF NEL TROPHILIA 

1 Die nii'-c of llir lu iitropliiliii p\occnir, cspccnllv coccnl typhoid or tubercle 
Im illi 

2 IonIi7Tliou of tlic proii*-'- llii n c'cn ltilicr<Ic l)ncilli nn\ (tu^c ncutropbilm 
1 ^lrul(n^( of (lie ore uii'-in, rcnti\it\ of llie patient 


'^unu ri( 1 1 UK ri i--c = n sisl ini r of the iniliMdii il 
IVri < nt iin me ri ii-i } 

1 oMc Clinnirri { = r^-pon-ec 


T Mill III 

CM sEs or NEL rnopiiii i v 

1 \cii(c mfcction*;, c'-pceidh coecal 

Certain Inctcnn fiinpi, ‘ipirocjiete.s, \intscs and parasites 
I ocalircd infections 

Certain {.cncral infections, such as rhcunnti< fcecr, diplitheria, smallpox 
Development of complications m diseases usiialh not associated uitli neutrophilia 

2 IntoxK ntions 

( V) Met ilinlic tiremi I, diabetic acidosis, cchnipsn, pout 
(15) Poisoninp h\ clicniieals and drugs, lead, mcrciin, digitalis, adrcnilm 
Insect venoms, black widen spider 
I orcipn proteins, after a prelimimrv leukopenia 

3 \cute licmorrli igc 

4 Postoperative 

3 Non-inflammatorv conditions, siicli as coronarv thrombosis 

C ''I ilipnant neoplasms vvhen growing r.apidlv, cspeciallv in G-1 tract, liver, bone marrow 
r Sudden liernolvsis of red corpuscles 

5 Phv siological in the newborn, during labor, after strenuous exercise, after repeated 
vomiting, convulsions, paroxvsmal taebveardia 

9 Mvcloid Iciikenii i and ervthremii 


1 vine I\ 

CAL SES OF LELKOPEM V 

1 Certain infections 

(\) IJaeterial, eg, tvplioid, par itvpboid, undul int fever 

(B) Infections e lused In viruses, eg, influen/a, measles, rubella 

(C) Protoroal infections, eg, milani, rel ipsmg fever, kal i-arar 

2 \1I tvpes of overwhelming infections, eg, mill irv tuberculosis, septicemia, and 
cachectic and debilitated states and inanition 

3 Certain conditions of unknown causation eg, catarrhal laundice, cirrhosis of the 
liver, Teltj’s sjmdrome, lupus erj-thematodes disseminatus 

4 Hemopoietic disorders, especiallv those involving the spleen, Banti s disease, GauchePs 
disease, also in pernicious anemia (rel ipse), chronic hvpochromic anemia, aplastic 
anemia, mjelophthisic anemia, idiopathic granulocvtopeni i 

5 As the effect of recognized toxic agents 

Chemical, eg, benzol, arsenic, lead, bismuth, mercurv, antiinonv, amidopvnne 
Phvsical, eg, radioactive substances 

6 In anaphvlactoid shock and in earlv stages of reaction to foreign protein 
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Variations or Leukocytes in Disease 

It IS unnecessary to enumerate m detail all of the conditions in which 
various types of leukocytic reaction occur However, some of the gen- 
eral principles which underly these changes may be considered with 
advantage 

Leukocytosis is usually due to an increase in the number of cells of 
the neutrophilic senes We shall refer to this type of leukocytosis as 
neutrophilia for the sake of clarity 

Three factors influence the magnitude of neutrophilia (Table II) 
These are ( i) the cause, (2) the localization of the process, and (3) the 
virulence of the invading organism, the reaction of the patient and his 
general resistance In general, pyogenic and particularly coccal bacteria 
call forth a neutrophilic response, whereas other bacteria such as typhoid 
and the tubercle bacillus have no such effect However, a generalized 
infection, even when it is the result of the invasion of cocci, is often not 
associated with an increase m the total leukocyte count So important 
IS the factor of localization that if the infection is delimited, neutrophilia 
may result even when the invading organism is one which usually is 
associated with leukopenia Tuberculous meningitis is an example of this 
Finally, with reference to the third factor, it is generally appreciated that 
when an infection is mild, neutrophilia may be absent and when it is 
overwhelming and the person involved too feeble to resist, neutrophilia 
may not occur In general, the total numerical increase in neutrophils 
may be regarded as indicating the resistance of the individual to an infec- 
tion xvhile the percentage increase of these cells and the qualitative 
changes indicate the effort of the response and the severity of the infec- 
tion Thus in the presence of an overwhelming infection, the total leuko- 
cyte count may not be increased, but there is a marked “shift to the left," 
the nuclei of many of the juvenile neutrophils are pyknotic and toxic 
granulation is found in their cytoplasm 

The causes of neutrophilia have been summarized in Table III The 
causes of leukopenia are listed in Table IV 

At this point reference may be made to xvhat is known as the “leuko- 
penic index ” This refers to leukopenia xvhich is said to occur in allergic 
individuals following the ingestion of food to which they are sensitive 
When carried out under certain conditions as described for the test, a 
decrease in the leukocyte count of 1000 or more cells per c mm is inter- 
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J tnrr \ 

C \l SI S OI KOSINOI’ini lA 

1 MIctlic (h^onlcrs l)r(>ii( In il (islhmi iirttcnni, iinfrionLiirotK cdeiin, In\ fever 

2 Skin vli'cnscs e<;j)e( inllv ]iLni|iliigiis iiul (Icriintilis lierjietifonnis 

J I in^itu Infest tluins es]K(Mll\ panisitcs winch invitle the tissues epr, trichinosis, 
cchinocov I iis (]is( Use, h ss rcLiilirlv in Intestinal parisitisni 

I Certain niftclions < i. s( irlil fever, chore i, ervthcnin innltifornie 

I Certain diseases of the lie innjioit tic svstcin chronic nncloicl kukenn i, crvthreniia, 
Hodpkin s disease, ift< r spknc c toinv, pernicious nnenn i 

(> Miseell incons disorders pen irteritis nodosa, tmnors of the ovarv or those involving 
serous surf ices or hones certain tvpes of lung infiltration 

7 \s I f innii il ahnorniilifv 


1 van \ 1 

CAi sns or i -i mpiioc'i i osis 

1 Certain icute infections pertussis 

infectious iiiononuctcosis 

2 Durint. sulisickncc of iculc infection ind rccovcrv phase of gr iniilocv topeni i 

J M inv ]iroto/oil infections iiialana, Hockv mount iin spotted fever, kali-irar, trvpa- 
I int fever 

4 During the st igc of conv dcstcncc from an acute infection 

5 Kaoplithnlniic goitre (iisuillv onlv relative lvan|)hocvtosis) 

G Inf ints and voting children, especialh in the presence of ricl ets mil in ilnutrition 
7 I vinphatic leiikenii i 


I AIIW ^ 11 

eVLSES OF MOVOC'ilOSIS 

1 Certiin hacteriil infections tuherculosis, sub icute bieterid endoc irditis, brucel- 
losis, tvphus, rarelv in tvphoid 

2 During subsidence of acute infection and recovers phase of granulocvtopenia 

3 Minv protoroal infections in darn, Kockv mount tin spotted fever, kala-arar, trvpa- 
nosomiasis, oriental sore 

4 Hodgkin’s disease, also in diseases of disturbed lipoid nietabolisin, such as G lucher’s 
disease 

5 Monocvtic leukemia 

6 T etrachloretliane poisoning 
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preted as indicating incompatibility of food This method has also been 
proposed as a means of detecting other forms of allerg\'- In the light of 
what has already been said regarding the unavoidable error in leukocyte 
counting, It IS no v onder that this test has been the subject of considerable 
criticism "" Nevertheless, it has its ardent ad\ ocates 

The causes of eosinophilia are listed in Table V It is noteworthy that 
whereas eosinophilia occurs as a characteristic of a small number of infec- 
tions,-^ in general eosinophils disappear \\ hen neutrophilia occurs This 
phenomenon has been called “Simon’s septic factor ” Recovery in such 
cases IS often marked by eosinophilia 

The basophilic leukocytes are found increased in chronic myeloid 
leukemia and in erythremia, and sometimes in chronic hemolytic anemia, 
in chlorosis, following splenectomy, m Hodgkin’s disease, in smallpox 
and in chickenpox and following the injection of a foreign protein, as 
well as in chronic inflammation of the accessory sinuses 

Tlie causes of lymphocytosis arc enumerated in Table VI This refers 
to absolute lymphocytosis Relative lymphocytosis occurs in most of the 
conditions associated with neutropenia 

Plasma cells are rarely found in the circulating blood They have been 
noted m rubella, in scarlatina and in measles 

The causes of monocytosis arc listed in Table VII The role of the 
monocyte in tuberculosis has attracted intensive study and it has been 
shoA\ n that this cell takes an important part in the cellular reaction to 
the tubercle bacillus The lipoids of this organism are phagocyuzed by 
monocytes, are partially degraded within them and cause their transfor- 
mation to epithelioid cells This actnity is reflected in the circulaung 
blood and it is now generally accepted that monocytosis in a tuberculous 
patient is an unfavorable sign Increasing reliance is being placed on the 
ratio of monocytes to lymphocytes, for the latter varv'’ inversely with 
the former in this disease, and lymphocytosis occurs when the tubercu- 
lous lesion IS healing Normally there is one monocyte to at least three 
lymphocytes In tuberculous infections, a favorable M L ratio is i 36, 
while a ratio of i o 8 is a very unfavorable one At the same time the 
proportion of young lymphocytes decreases, a phenomenon which 
Wiseman^'^ has named “curve of degeneration ” Improvement in tuber- 
culosis, l)e has found is associated not only with a fall in the number of 
monocyte?, but an increase in the number of young lymphocytes ( curve 
of regeneration”), and in the total number of lymphocytes These 
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cinngcs in rlic IciiIvoc\ tic picture may appear some time prior to other 
indicttions of the change in the stttus of the patient, and thus are of great 
prognostic \ alue 

Puoc.nosiicA \rxr or Tirn LnoivOciTic PicacRt; 

Stud\ of the lcukoc\ tes is clearly of \ alue as an aid in diagnosis A 
painstaking difTerential count may be particularly helpful in discovering 
cr\ ptic infections of subacute 01 chronic rv pes in hich there is no in- 
crease in the total lcukoc\ te count hen several counts have been made, 
the leukoc\ tc picture ma\ be a useful aid in estimating prognosis In 
Table \ III sanous factors w Inch arc of importance in the estimation of 
prognosis on the basis of the Icukoca te count are listed All of these 
ha\ c already been referred to and only certain principles need now be 
mentioned 

Generally three phases may be obsen^ed in the leukocytic reaction 
to ah infection During the progressive stage, neutrophilia predominates 
and the sc\ erit\' of the infection as well as the reaction of the patient may 
be gaged b\ the magnitude of the leukocyte count, the degree of “shift 
to the left ’ and the presence of toxic cytoplasmic granulation Thus, a 
slight neutrophilia with slight nuclear “shift” suggests a mild infection, 
uhercas a moderate leukocytosis avith moderate “shift” fsay, 16 per 
cent of young forms), together with disappearance of eosinophils and 
decrease of lymphocytes, signifies a moderately severe infection As 
already stated, still more marked leukocytosis or a fall in the leukocyte 
count, with an even greater “shift to the left” than before, are grave 
signals Unfavorable signs m the leukocyte picture are listed in Table IX 

Except in certain diseases, such as tuberculosis, in which an increase 
in the number of monocytes is an unfavorable sign, the reappearance of 
these cells in the course of an acute infection usually indicates the begin- 
ning of the recovery stage Their return is often followed by the reap- 
pearance of eosinophils Finally, lymphocytosis develops dunng the 
period of convalescence The changes in the blood picture during 
recovery are shown in Table X 

By a consideration of the details of the leukocyte count, then, and 
particularly by noting the changes which occur from day to day, a 
valuable estimate of the course of the patient’s illness can be made, some- 
times before other signs are manifest 
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lAIlTl \ III 

ESIIMMIOX OF FUOGNOSlS 1 HOM 1 1 L KOC^ IIC COLM 

siGviricvM r\cioi{s 

1 M ignituclc of lciikoc\ Ic count 

2 Proi)ortion of inimilurc cells 

3 Xuinber of “to\ic’ forms of Icukocctcs 

4 Degree of reduction in numlicr of cosinojduls 

5 Degree of reduction m number of hmphoectes 

C Degree of inereasc in monoecles (lubereiilosis) 


'Jaiiu IX 

Lxr.uoRMJu: signs ix iin i n xoc'^'iic ficiird 

1 Extremeh bigh total number of Iciikocctcs with bieb percent lire of neutropluls or 

2 Fnilurc to clc'clop leukoc\tosis 

3 High proportion of immtiture cilK csfieciilh if tin \ outnumber mature forms 

4 Absence of eosinophils 

5 Marked absolute reduction of hmpbocctes 

C Presence of numerous toxic, clegcner itixe forms 


I \mi X 

CIIAXGES IX RI ODD PlCll RE DLRING RECON ER\ 

1 Palling total Icukocx tc count xiilli clmimisbing proportion of neutropluls 

2 Decrease of immature forms 

3 Tempornrx increase of monoextes 

4 Reappearance or increase of eosmopliils 

5 Increase m number of Ixmplioextcs 

6 '\bscnee or decrease of toxic forms 


'1 XIILI XI 

1 LEUKEMOID BLOOD PICILRE 

1 Infections, presentiiig pictures resembling 

mxeloicl leukemia, ; ineumonia, meningococcus meningitis, dipbtberia, tuberculosis, 
Ixmplioid leukemia, ’,\ hooping cough, clnckenpox, infectious mononucleosis 

2 Intoxications, eclammsia, sex ere burns, iiiercurx poisoning 

3 Malignancy, especialix xxith bone mctastascs, also multiple mxeloma, mx elofibrosis, 

Hodgkin’s disease I ) 

4 Sex ere Iiemoi rluiges sudden iieinolxsis of blood 
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In nrc instnnccs the leukocytic response to disease may be so marked 
or of such 1 clnnctcr tint the blood picture resembles that seen in one of 
the r\ pcs of Icukcmn These have been termed leukemoid blood pictures 
and a number of such reports are found in the literature In some instances 
It has only been the magnitude of the leukocytic reaction or its unusual 
qualit)’ \\ Inch suggested leukemia In many cases, however, severe anemia 
accompanied the leukocytic change and even nucleated red corpuscles 
of various n'pes \\ ere found In some instances even the chmcal picture, 
bcemsc of fc\cr, hemorrhages, splcnomegalv or adenopathy, suggested 
leukemia The true diagnosis of some of these cases y as evident only on 
postmortem examination 

In Table XI, conditions in whicli leukemoid pictures ha\ e been ob- 
sen cd arc listed In the infections, extremely high leukocyte counts have 
sometimes been found, even as high as 112,000 m cases of septicemia,^’' 
176,000 m y hooping cough,-® 81,200 in chickenpox^® and 6^,000 in 
infectious mononucleosis It is in association with tuberculosis, however, 
that leukemoid pictures have been most frequently desenbed The 
tuberculosis has usually been mihary in type or it involved the lymph 
nodes or spleen The leukocyuc picture in such cases has resembled most 
often that of acute myeloblastic leukemia and leukocyte counts as high 
as 156,000 have been reported 

In a case of eclampsia a leukocyte count of 100,000 has been recorded, 
while in an instance of mercury ointment poisoning, 69,500 leukocytes 
xvith 24 per cent myelocytes, were found In a case of Hodgkin’s dis- 
ease, a leukocyte count of 250,000 has been reported 

These examples of leukemoid pictures are, of course, extremely rare 
They are mentioned here only to emphasize the importance of taking 
into consideration the whole clinical picture rather than a single finding 
in making the diagnosis 
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PRELIMINARY REPORT OF THE USE OF 
SULFAPYRIDINE IN THE TREATiMENT 
OF PNEUxMONIA" 

Norman" Plummer -vxd Herbert Exsa^orth 


:ss thin a veir has passed since the first reports appeared 
in the English literature, describing the experimental 
studies on sulfapyndine (M &. B 693) The clinical expe- 
rience w ith this drug is still \ erv much limited Ne\ er- 
theless, most of us working m pneumonia im estigation 
are ahreadv wdlmg to concede that this new drug defimtelv influences 
the course of the pneumococcus infection and quite probably increases 
the chances of recovery The mode of action remains remarkably obscure, 
and it is too early to be completely assured that serious reactions do 



not occur 

SuLfapyridme has been used on the medical sera ices of New ^ork 
Hospital and the First and Second Divisions of Bellea ue Hospital during 
the past three months and it is our pria'ilege to report this experience 
During this period, the drug has been administered to 1 1 1 patients of 
w hom^^eighty-eight aa-ere diagnosed pneumonia The drug was gia-en by 
mouth in aU cases The initial dose was usually 2 o grams, subsequent 
doses of I o gram aa ere given ea-er^* four hours until the desired thera- 
peutic effect had been obtained Most of the patients in the total series 
received an aaerage of 16 o grams In some the preparation was discon- 
tinued after a feav grams had been given because of the sea ere nausea 
and voimtmg produced In a feav cases a much larger total dosage was 
admmistered, in one mstance 46 o grams All of the panents except taa 0 
aa ere hospitalized, consequently their progress aa as closely folloaa-ed ba- 
the routme blood counts, urine anah’-ses, and other mdicated tests All 
of the pneumomas had at least one sputum tapping, one blood cultme, 
and aU except a vera* feav had one or more chest x-ray exammanon A few 
of the more recent cases haa e had blood sulfapyndine determmanons 

From the start of this ina estigation of sulfapa-ndine particular anen- 
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DATE 1/2/39 1/3/39 1/4/39 1/5/39 1/6/39 1/7/39 1/8/39 



Clmrt I — llns is the clmrt of n fort\ \car old voiinn admitted to Bcllewie 
on the fourth dn\ of illness Sulfap%ridinc 2 {rrams, vas guen b\ mouth 
shorth after admission flic drug vas continued at four hour intcr\als in 
1 gram iniounts during the next two da\s ’Hit temperature dropped to 
nearh normal on the following da\ after o grams of sulfap\ ridinc had been 
given Tlie blood culture taken on admission was negati\e liie sputum 
tabling was not complete until the dm after admission when it was reported 
l3pe I E\en though the temperature was normal it was thought wise to 
giae 100,000 units of I\]ie I nntiimtumococeus serum 


tion has been focussed upon the occurrence of unto^^ ard effects In the 
total senes of 1 1 1 cases, during the three-month period of this study, 
we have encountered no serious reaction to the drug in the dosage given 
The blood counts have revealed no particular changes in the red or white 
cells The urine analyses showed only the occasional trace of albumin 
which occurs in febrile conditions A few panents had a mild icterus 
such as IS occasionally seen during the course of pneumonia In this series, 
there was no case of toxic hepatitis, neuritis, nephritis, or agranulocytosis, 
—complications kno^vn to occur in pneumonia, but which must be ruled 
out as possibly being related to the therapeutic agent used 

The principal disadvantage of sulfapyridine is its effect on the gastro- 
intestinal tract Nausea and vomiting frequently occur, 55 per cent of 
the patients had nausea and 40 per cent had both nausea and vomiting 
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Chart 2 — A fifti -eight \eir old patient with Tipe I pneumonia and a posi- 
tne blood eulture, treated with sulfapi ridine and serum This therapi 
controlled the toxemia and septicemia On the di\ after admission to the 
hospital, there were plnsical and \-rai signs of fluid, which on thoracentesis 
w as found to be a thin exudate, culturing Tape I pneumococci The fluid w as 
quickly absorbed and surgert has not been necessan, although the conaales- 
tence has been considerabh retarded 


In about ro per cent of the cases it was necessary to disconnnue the 
therapy because of the seventy of these s)’'niptoms The question has 
arisen whether the gastric irritability is of local or central origin The 
fact that the chemical when chewed in the mouth is so bland and innocu- 
ous, together with the finding that nausea usually does not occur unul 
after four to six grams have been given, seems evidence in favor of the 
central origin Blood determinations should aid in answering this problem 
We come now to the important quesuon What is the value of sulfa- 
pyridine in the treatment of pneumonia^ The series which v e have for 
analysis includes eighty-eight patients having definite signs of pneumonia, 
in whom chronic pulmonary disease has been excluded by the course 
and bacteriological findings We have included both the t>-pical and 
atypical acute pneumonias, also cases in which the pneumonia occurred 
as a comphcation of serious systemic disease Panents v ho died shortlv 
after admission to the hospital have also been included A^'e ha\ e carefully 
excluded cases of influenza and acute bronchitis Tn ent)- of the eighn'- 
eight patients received specific annpneumococcus serum in addition to 
sulfapyridine 
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DATE ]Zlzrm 12/28/38 \2.lcSl^ 12/30/38 12/31/38 1/1/39 1/2/39 



Chart 3 — \ tlurt\-four \cnr old man admitted on the third dn\ On ndmi':- 
sion, tiic sputum sliowcd l\pc \ pmunincocci, tlic blood culture uns nega- 
te c, and the Mliitc blood cell tount 22,000 Both sulfnpa ndinc and 
<;erum Mere gi\cn Mitli a qiiuK md jiositivc rc'-juinsc 


The mortalit)” rate in tins senes of eighty-eight cases is 8 per cent,^^’' 
seven of the patients hat ing died This is an evtrcnicly low figure when 
compared with an expected fatality rate of from 25 per cent to 35 
per cent in similar groups of cases Ho\t ever, a number of factors must 
be taken into consideration in cstimatintr the accuracy of this figure 
The series is small, the mortality rate in pneumonia is usually lower in 
the fall and early nnnter season than in the late "winter, there are indica- 
tions that pneumonia recently has been of a milder form Also, the series 
contains more than the average number of pneumonias caused by the 
higher types and the unclassified pneumococcus, forty-one of the eighn^- 
eight cases falling in this group The percentage of septic cases is only 
6 per cent. Which is low On the other hand, the incidence of systemic 
disease is hign Also, in the series of eighty-eight patients, nineteen u ere 

** The tot'll scnes\3t the time of publication included 157 cases of pneumonia ^\lth fifteen deaths, 
a niortaIit> rate if 9 5 per cent Tlnrt> sin patients bad Txpe III pueumotua, of which two died 
a mortalitj of 5 6^cr cent Foitx eight of the patients were gi\en both serum and sulfapxn me 
and of this group V\o died a mortaUtx of 4 1 per cent 
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Clnrt 4 — V tliirt\-tiiree lear old woman admitted to Vew York Hospital, 
the dni following an acute onset On admission, the sputum showed Tspe III 
organisms, the blood culture was negitne, and the leukoc\tes were 14-,500 
Sulfaptridine was started prompth, and because of extensive pulraonar\ 
invohement was continued until 32 grams had been administered \lthough 
the temperature did not drop to normal until tlie tenth daa, the se\ere 
toxemia was quickh controlled The leukoc'te count rose from 14,500 to 
10,400 after the sulfapa ridine was started, and e^en though 32 grams of the 
chemical were administered, there was no eudence of agranulocytosis durinir / 
the hospital sta\ This patient had practicalh no castromtestinal disturb 
ance from the drug 


over fifty-ill e years of age, and twenty-four had Type III infection 
The mortality rate m the Type III pneumoma is only 8 per cent, tu o 
of the nventy-four cases having died Three of the Type III cases had 
positive blood cultures, and two of these recovered Again there are too 
few cases from which to make any deductions 

A brief description of the seven fatal cases is important for a fair 
analysis of our results Two of the deaths m ere from Type III infecuon 
one of M horn died twelve hours after admission to Bellevue, the blood 
culture plate showing innumerable Type III colonies, and the patient 
having received only 6 grams of sulfapyridine The other Type III 
fatality was a bad alcoholic, in whom the diagnosis of pneumonia y as 
not made until a few hours before death and to n horn onlv 3 grams of 
the drug had been administered Tlie only other patient n ith a fivcd rv pe 
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DATE 1/4/39 1/5/39 1/6/39 1/7/39 1/8/39 1/9/39 1/10/39 



Clnrt ') — lliis CISC alone gi\cs c'idcnce that now lu\c a\.iilnble, tlicri- 
peiitic agents more cflcctnc tlnn in\ prcxioiish used Ihis si\H-eigIit ^eir 
old woman w is admitted to IJcllcMie on the Uh dn\ of a \cr\ acute Jlncss 
On admission the sputum showed l\pc III jmeumotocci and the blood 
contained 23 'l\pc III organisms per eiibie eintimetcr Ihe leukocaic count 
was onl\ 5,980 Sulfapa ridinc was started as soon ns the clinical diagnosis 
of pneumonia was made Earh on the second da\ 200,000 units of rabbit 
serum aacre injected intr la cnoiisla Jhc to\cnnn and scptiieimn were qmckla 
controlled The white hlood cell count rose from 3,980 to 11,150 during the 
jieriod that snlfapa ndinc aaas giacn Bcciuisc of the graac prognosis in such 
.1 case, the drug aaas continued xintil tC grams had been giacn There aaas 
no gastric irritation, and no other nntoaaard reaction 


who died, showed a Type in the sputum In this case there as defi- 
nite response to 17 grams of sulfapyridinc, but a few days later, the 
patient died suddenly after a huge, foul lung abscess had commenced 
draining Two patients regarded as having unclassified pneumococcus 
pneumonia died One of these was seventy-eight years of age The other 
had had pulmonary symptoms for si\ weeks or more, had been in Bellevue 
for two weeks-and was treated with sulfapyridine just a few days before 
his death In both of these cases there is some question as to the true 
bacteriological diagnosis The remaining two fatalities occurred in the 
Ne\v York Hospital series One was a man of si\ty-three years, vith 
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arteriosclerotic heart disease and auricular fibrillation who developed an 
acute pneumonia and was given in all lo o grams of sulfapyndine There 
seemed to be satisfactory response to the drug, bur two days after it had 
been disconunued, he suddenly developed severe pain in the chest and 
died The other was one of pulmonary infarct and pneumoma following 
pregnancy The foul, purulent sputum which the paaent had, showed 
Friedlander’s bacilli along with other aerobic and anaerobic organisms 
Again the patient showed a temporary response to sulfapyndine, but died 
later with empyema and other comphcanons It is evident that the mor- 
ralin^rate would be reduced even further if some of the questionable fatal 
cases n^ere excluded from the senes The possibility of a relationship 
beween the deaths and the use of sulfapyridine m the patients nith 
coronary disease and lung abscess has been considered but seems remote 
The chmcal response to sulfapyndine is as convincing as the reduction 
in mortality rate AVith remarkable regularity the temperature drops to 
normal withm from twenty-four to thirty-six hours after the therapy is 
instituted Such a response occurred in forty-five of the eight)’-eight 
cases, and in a number of others the response u^as a very satisfactorv'’ one 
The active phase of the disease is considerably shortened, although the 
signs of consolidation seem to run through their usual cycle A mild 
cyanosis occurred in a small percentage of the cases In no case did the 
white blood cells drop to a low figure There were, however, several 
cases With initial leukopenia, in which the v hite blood cells returned to 
a more normal figure following the drug 

Serum therapy (in most cases rabbit serum) was given to twenty' of 
our eighty-eight patients The results in this group are particularly strik- 
ing All of the patients recovered There was a spectacular drop in tem- 
perature in every case The series included three patients uith posinie 
blood cultures, one of whom was a Type III with twenty-five organisms 
per cubic centimeter on the mmal blood culture examinaoon On the 
other hand, the serum-treated group included only cases of typical pneu- 
monia Furthermore, m some of these, as unll be demonstrated in the 
charts, the serum was administered after the temperature vas normal 
In 'summarizing, it should be emphasized again, that this is a pre- 
liminary report, and that on such a limited experience no positit e conclu- 
sions can be drawn In our results there is some evidence that a combina- 
tion of sulfapyndine with serum gn es greater benefit than either the 
serum or the chemical alone But until we can ascertain the rclatn e i alucs 



of serum alone, sulfapyridinc alone, or a combination of both— our 
present method of type diagnosis and serum treatment should not be 
changed For ourselves and the several people working with us, this 
recent experience has been most encouraging, and seems to point the w av 
to a more effeern c treatment of pneumonia 
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PRELIMINARY REPORT OF THE USE OF 
SULFAPYRIDINE IX THE TREATMENT 
OF PNEUMONIA- 

Harrisox Fitzgerald Flippiv 



2-^t is indeed a great pleasure for rne to be here tonight and 
hear these brilliant presentations on the treatment of 
pneumoma in New York Citv^ Our group in Philadel- 
phia, which IS composed of Dr John S Lockuood Dr 
D Sergeant Pepper Dr Leon Su artz, and myself, first 
became interested in the treatment of pneumonia \wth sulfapyridine last 
August Our interest in this chemotherapeutic agent was stimulated by 
the investigative u ork of one of us, Dr John S Locku ood, on the action 
of sulfanilamide, which has gained considerable recognition, and sec- 
ondly, our interest was stimulated by the work of Gaisford and E\ ans 
in England, who have reported too cases of pneumonia treated alter- 
nately with sulfapyridine Of the 100 cases treated vith sulfapyridine 
the mortality rate was 8 per cent as compared vith 27 per cent in the 
control series, which received other forms of therap)' Natural!) vhen 
a new therapeutic agent, especially a chemotherapeutic agent, is pre- 
sented for the treatment of pneumonia, and particularly m the citv of 
Philadelphia, it meets with a great deal of opposition I am happy to sav 
however, that sulfapyridine has been enthusiastically recen ed b} a 


number of the Philadelphia physicians 

Tonight I would like to present the first 100 cases (Table I) of 
pneumonia which we have treated in Philadelphia ivith sulfapyridine 
since last August Of this group we were able to detect the pneumococcus 
either from the sputum or blood stream in eighty-three of the cases, m 
the remaming seventeen cases we Avere not able to detect the specific 
pneumococcic organism from the sputum or blood stream although in 
several instances we were able to find the group to u hich thei* belonged 
As noted on the table, we hai e not included three fatal cases u hich 
received treatment for less than tu eh^e hours These represented terminal 
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Type 

Nuitibcr 

D€ath<> 

/ yp< 

I\'umber Deaths 

I 

21 

0 

XIX 

5 

0 

11 

7 

0 

XV 

2 

0 

III 

11 

1 

XX 11 

1 

0 

IX’ 

o 

1 

XIX 

2 

0 

X’ 

5 

0 

XXIII 

1 

0 

VI 

f 

0 

XXX 11 

3 

0 

X'll 

(> 

0 

XXIX 

1 

0 

X III 

<1 

0 

Otlu rs 

17 

1 


68 

4 


32 

1 


'J OTAT 

Ci''CS 100 Deiths 5 

(J f itnl cisLS trcilcd for Ic^s Ihnti 12 hours not mcliukd) 


U viiri II 


I one Ilcncl\on<t 2tv.mbeT 

N'fiu'^cn 42 

^ oinitinp 

I roublcsoiuo 24 

Severe 9 

Deriintilis 1 

\cute llcniolvlic \nctnia 1 

Leukopenn 1 

Drug Fever 1 


cases of pneumonia which received no more than o doses of the drug 
and for that reason I did not think that u e should include them m the 
above report 

Naturally, when a new drug is being considered, the first question 
that comes into the mind of the physician is, what arc the toxic effects of 
this preparation^ As far as the toxic reactions, as can be seen by Table 11, 
the gastrointestinal symptoms arc the most important In any acute 
infection, as pneumonia, we expect a certain amount of gastrointesunal 
irritability, and it is not surprising that the oral administration of the 
drug should result in some untoward reactions Tlie problem of vomiting 
IS the most important toxic reaction which confronts us at this ame As 
we all know there is a definite chloride deficiency during pneumonia, 
and with this added vomiting xve get a marked loss of chlorides With this 
in view we have given rather large dosages of salt solution intrax^enously, 
and believe that this procedure has diminished the severe vomiting In 
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a number of instances the discontinuance of the drug for one or two 
doses has brought cessation of the vommng We have also introduced 
the drug tlirough a nasal catheter into the duodenum wnth beneficial 
results Rectal administration has proved unsuccessful As noted on Table 
II, w^e have made no reference to cyanosis as a toxic reaction We hai e 
seen rather severe cyanosis m about lo per cent of our cases, but it is 
difficult to determine w'hether the cyanosis is due to the drug or is asso- 
ciated with the pneumoma In closing, I wish to say agam that we are 
quite enthusiastic thus far regarding the efficacy of sulfapyridine in the 
treatment of pneumococcal infections 
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PRELIMINARY REPORT OF THE USE OF 
SULFAPYRIDINF IN THE TREATjMENT 
OF PNEUMONIA* 

The Absoi ptton. Acetylation and hxcrctton of Snlfapyridwe 

H E SlOICINGI R 


WILL Rctcnipc to review briefly some preliminar\’' ana- 
h tical results on the fate of sulfapyridinc (M &. B dpj) 
in laboratory animals and patients at the Presbyterian 
Hospital, Columbia Medical Center 

It should be said it the outset that M &.B 693 bears 
certain analogies to sulfanilamide i ) the detoxification process is one 
of acer\darion, 2) it mat' be estimated quantitatn ely in body fluids by 
methods that imohe no new procedure This latter allows the drug to 
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be follow^ed in a fairly convenient manner during its course through 
the body 

The formula on the left represents the chemical constitution of the 
M & B 693, officially named recently Sulfapyridinc by the American 
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Fife 2 Blood Le%elb of Free and Vcetviated M+B 003 in R dibits 

I Free circulating drug 0 32 gMJ-B 093 per Kp fed Rabbit No 5 in 

la Acetclated ‘ drug 0 32 g M+B 093 per Kg fed Rabbit N'o 5 50 

II rreetirculitingdrug0GIgMd-B 093perKg fed Rabbit No 5 99 

Ila Acetclated ‘ drucr 0 01 g M+B 093 per Ke fed Rabbit No 5 99 


Medical Association As the drug circulates in the body it is conjugated 
with acetic acid, presumably by the liver, to form the compound ha5 mg 
the constitution represented on the right This compound is more insol- 
uble than the free form and may be isolated in pure cr\ stalhne form in 

the urine of patients receiving the drug 

The amino (NH2) group is also uolized in quantitatn e estimation of 
M 8s B 693 The method depends upon diazotizauon at o°C with nitrous 
acid and coupling 5vith a suitable organic moiety to gu e a di e that mav 
be compared colonmetrically against known standards The conjugated 
form IS determined after hydrolysis of a protein-free filtrate This reduces 
the drug to the form on the left and colorimetric analysis is as aboa e 
outlined Since this procedure gives total curculating drug (free plus 
conjugated) the amount of drug conjugated is obtained b\ difference 

of analyses for the total and free drug 

Such analyses haa e been made on a number of rabbits rcccia mg a 
single dose of the drug by stomach tube Figure 2 shoaas the rate ot 
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absorption, accrydation and excretion m t\\ o typical instances Cim e I 
gives the blood level of the free drug at varying inten^als It shows that 
the drug IS immediately absorbed into the blood stream upon ingestion, 
appreciable blood levels being obtained w ithin rhirtx^ minutes In three 
to four hours a maximum is reached which is maintained for some 
three to four hours Blood anahscs twenty-four hours after ingestion 
show no free circulating drug Cunc la is the corresponding cunc of 
the acct\datcd form A definite lag is noted both m its initial and final 
phases After tw'enty-six hours appreciable quantities of the acen lated 
form arc still present m the blood 

Curses II and lla for a labbit on double the dose of curse I show 
similar results 

Table I shosss the same ts'pe of anals'scs m tabular form nude on 
patients rcccis mg the drug os er a usual course of therapy Superscripts 
m eases i, 2, and ^ indicate results of blond Icsels during initial phase of 
drug administration Considerable s ariation m the icctsdatcd s allies is 
noted The second row of figures shoss s rcprescnratis c results of blood 
Jes els on the dosages gis cn after a stcad^ state had been obtained (usually 
forr^ -eight hours after initial dose) Case 4 is representatn c of the final 
phase and shows no free circulating drug twenty-four hours after the 
last dose 

The actual blood Ics els attained from a gi\ cn dose arc felt to depend 
on three factors ( i ) the rate of absorption, (z) rate of acetylation and, 
(3) the rate of excretion E\idcncc for the modifying effect of the rate 
of absorption is gn cn in thV first ease, Table 11 These were anahscs on 
a patient with gastrointestinal obstruction which gradually cleared with 
consequent rise in blood Ici^s It is noteworthy that the per cent of 
acetylation remained approx 'j^iatcly constant 

The ability of mdn td.uals to acctylate sulfapyridinc ^arlcs between 
tw cnt^ -fi\ e and nlnct^ /per cent Cases 2 and 3 of Table 11 arc representa- 
tn e blood levels for pi/ticnts w ith slight tendency to conjugate the drug 

The cifcct on blotpd let els of patients conjugating the drug to a high 
degicc is gn cn m tht| twm comparatn c eases of Table III Though both 
patients were on the/ same dosages, blood analyses made every three or 
four dai s ie\ eal entirely different pictures the free circulating drug m 
the second ease is r Jpproximatcly three times that of the first A possible 
explanation is to h t found m the values of per cent acetylation wduch in 
the first case migi k be thought of as depressing the amount of free circu- 
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M+B 093 HLMW BLOOD LEVELS 



Dos\t t 


FRfF 

ToriL 

\ CE-n L,ATED 


gm /diem 


mgm per cent 

711 c/m percent 

27er cent 

C^se I 

( S 5, G, G 


5 5 

5 5 

0' 

1 fi 


10 5 

14 2 

30 

Cise 2 

(2, 2 3 


2 5 

4 1 

39 

1 


1 2 

33 

G4 

C^se 3 

|3, 3 


20 

3 7 

24 

6 3 

1 5 

4.3 

Cise 4 

3, 3, 3 


0 0 

40 

100* 




‘Sample for mail sis after 


1) 20 

hrs 1 gm 

qlli 

3) 

6 hrs 1 irni q4li 


2) 10 hrs 1 gm 

q4h 

4) 24 hrs after last 

dose 




I \ IIU 1 1 





M+B 

G93 HI. M VV BI OOD 

LI \ n S 



Dosace 


Furr 

Totae 

\CI Tl r ATEl) 


gm per diem 

mr/m per rent 

mgm percent 

/ler rent 


f 4, 3 5, 

3 

2 0 

3 5 

43 

Case 1 

] 3, 15 


3 5 

80 

3G 

1 


5 3 

10 5 

48 

Case 2 

(4, 3 5 

1 J 5 


30 

4 5 

33 


10 3 

130 

19 

Case 3 

5, 5, 2 


7 5 

10 0 

23 
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M+B G93 HLM-VX BLOOD 

LE\ ELS 


Dosace 


FrEI 

Totae 

Vcm EATFO 

gm 

per diem 


nigHi percent 

mt/m percent 

per cent 

Case 1 

3 gm 


1 2 

30 

GO 


daih for 


1 5 

8 5 

8.3 


22 cla\s 


30 

100 

70 




2 5 

0 2 

GO 




1 5 

G 5 

77 




I 0 

53 

SI 

Case 2 

3 gm claih for 

5 dais G9 

14 1 

31 


1 vnrf 

^r+B G93 IN LRIiVE OF PVTIEM 
EXCRET lOiV OF AI+B 693 


Dosage M-B C93 

rnn 

lOTlL 

VcTTi Lsarn 

Diita loTiL 

ffm per diem 

mgm per r c 

mgm per c c 

per cent 

(7 771 

4 

0 

0 437 

1 5G 

72 0 

218 

5 

0G8G 

280 

7G 0 

2 70 

G 

1 OOG 

1 12 

73 3 

(2)* — 2GG 

1 

0 600 

4 00 

8-3 0 

( 13)' -2 0 


0 00 

0 IG 

100 0 

0 12 


0 00 

001 

100 0 

0 01 

*Cr\stals of aietil loiiqionnd 

rec lU III did as free 
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UILMION BLJWLIN ACEnLMIOX W'D 
1 XCULIION 01 M+B GOT 



J otal ])ru(f 

liCT cent 

Rrcotcni in Urine 
per cent 

Ct^c 1 

1 (> m 

S (Ins 

10-10 

S2 j 

“ 2 

22 in 

■5 (Ins 

TO 

72 -J 

“ J 

22 in 

r> (l.ns 

0 >-G3 

57 )* 

‘ 1 

22 in 

S dins 

75-SO 

ISO 

“ j 

10 in 

10 (ln\s 

6O-')0 

10 0 

“ (. 

1 j in 

0 (Ins 

XnriUik due to 
mill slnit-dowii 

ICO 


ilm low, 1 *. linn innl\ sis wn*, slopped upon witlidr.iwal of drug 


lanng drug by conjug.inon Unnc analyses on this patient ga\c acct^h- 
tion \ allies of cighty-fii c to nmct\ pet cent Three months later the 
patient on the same dosage ga\ e the same blood and urine anal\ ses 
Table IV gnes urine anahses for both free and conjugated forms 
Constant values of acetylation again appear w here presunnblv the rate 
of absorption is sufficiently high (first three lines of table) 

In testing the efficacy of an\ new drug, it is important to know the 
amount excreted Total urinary excretion laries considerably among 
patients as shown in Table V in which an inicrse relation between 
amount of acetylation and excretion is found to exist in many cases The 
per cent recovery of drug in Case 3 is low, as the unnc samples were 
stopped on withdraw al of the drug Other cases, not given here, on larger 
doses wnth the same per cent acetylation, appeared to eliminate relatn elv 
less m the urine ^^^len renal activity is disturbed as in Case 6 i ery small 
amounts of the drug arc recovered in the unnc 


COXXLUSIOXS 

Blood anah scs on seventy-five patients for sulfapyridine show 

(1) Sulfapyridine appears in the blood stream directly aftei inges- 
tion 

( 2 ) During circulation, the drug is detoxified by acetylation 

(a) The amount of acct^dation \arics betw'cen twenty-fit e md 
ninety per cent 

(b) This amount appears to be constant and chanctcristic tor 
an individual 
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(c) abnormally low blood \ alues of free dru? are fre- 

quentljr found high acet}dation \ alues 

(3) The amount of circulating drug depends on three factors Rare 
of absorption, acetylation and excretion Acetylanon appears to 
t ary most among indn iduals gn ing rise to major differences in 
blood levels on given doses 

(4) Essentially all of the free sulfapyridme is eliminated in enu'- 
four hours, the acervd form in fort}’-eight hours 

(5) Urine analyses confirm these findings In addition fifteen to 
eighty-five per cent of the drug administered has been reco\ ered 
in the urine The variation appears at present to depend on 
(a) dosage, gn mg an im erse effect the larger the dose the less 
proportionally is found in the urine (b) Renal actnirv direct 
effect The less the urine volume, the less the drug (c) Acerv- 
lation inverse effect the less the acendation the more the drug 
recovered in unne 

(6) Blood levels on adults receiving 3 gms dailv normally show 
4 to 6 mgm per cent, those recennng 6 gms daily normally 
show 10 to 13 mgm per cent 


THE TREATMENT OF DEPERSONALIZATION* 


Pai.l Schildck 


LPLRSOKALiz VTiox IS a stflcc of thc personality in A\hich 
tlic indn idual feels changed in comparison to his 
former state This change extends to both the aw areness 
of thc self and of thc outer w orld and thc individual does 
not acknowledge himself as a pcrsonaht\' His actions 
seem automatic to him, he obsertes his ow n actions like a spectator The 
outer world seems strange to him and lias lost its character of reality We 
find, therefore, in this pictuie cliangcs of thc self or depersonalization in 
the narrow er sense, and changes m thc cn\ ironment, or feelings of unre- 
ality, alienation of thc outw'ard world, “Entfremdung der ^^'ahrneh- 
mungswelt ” For this latter phenomena, Mapothcr, Mayer-Gross,^ Gutt- 
mann and Maclay- ha\c suggested thc term, dcrcahzation Pictures of 
this n^pe occur according to my own studies,^ Hang'' and Mayer-Gross^ 
in a great \ aricty of clinical conditions Thc picture has been obsen cd 
as a passing phenomenon combined with deja in m the normal It may 
appear in connection wnth organic diseases of thc brain, especially before 
and after epileptic attacks It has been obscri cd in depressn e ps>’’choses 
and schizophrenia In thc beginning and in thc phase of disappearance of 
severe neuroses it is not uncommon 

However, this picture occurs also as thc dominant symptomatology 
of a A ers'' severe and chronic type of a specific neurosis Patients of this 
type complain year after year about their cliangcd c\pericnce concerning 
the self and the Avorld Cases arc on record A\nth a duration of tAi enty or 
thirty years This study deals mcicly aa ith this nuclear group, thc neurosis 
depersonalization 

The philosophical and psychological interest Aidnch these cases offer 
is considerable Tame’’ Avas the first to use thc picture as proof for his 
philosophical theories of perception Besides thc complaints of changes 
in perception and emotions there are complaints concerning the experi- 

* Read at the meeting of the Section of NeuroIog> and Ps\chntr\ of The Xc« Aorl Acadeni> of 
Medicine and the New A'ork Neurological Societa, Tanuarj 10, 1939 From the Psjchiatnc Dnision 
of Bellevue Hosmtal New Aork, and from the Deiiartment ot Psvchntri New Aork Umrersit' 
Medical College \ 
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ence of one s own body and about changes m the perception of time and 
space Accordingly, the philosophers have used every one of these com- 
plaints as proof that this particular function is the most important one in 
our relanon to self, body and w orld 

The picture of depersonalization has also attracted the attenaon of 
psychoanalysts, among n horn I may mention Sadger,*^ Nunbcra, • Reik ® 
Federn,® Oberndorf,^*' Bergler and Eidelberg 

The various authors hat e stressed different sides of the pst'chological 
problems Reilt stresses the constant self observ^ation \\ hich according to 
his opinion is based on <^adomasochistic attitudes Obemdorf puts the 
mam emphasis on the erotization of thought and especially upon the n ish 
to adopt the way of thinking of the opposite sex Other authors stress 
the exhibitiomstic and \ oyeuristic components in the picture Bervler 
and Eidelberg are of the opinion that there is a strong tendency to anal 
exhibition This exhibition is transformed into an increased tendencv'' to 
self observation I am inclined to stress the fact that the patient with 
depersonalization has been admired very much by the parents for his 
intellectual and physical gifts A great amount of admiration and erotic 
interest had been spent upon the child He expects that this erotic inflow 
should be continuous The final outcome of such an attitude by the 
parents will not be different from the outcome of an attitude of neglect 
Dissatisfaction has to ensue even if the parents In e m a state of continual 
admiration of the child since evert'' such relation does not consider the 
child as a total human being but merely as a show piece The dissatisfac- 
tion and deprivation of the child has to express itself in an increase of 
aggressive and submissive tendencies These combine w ith sexmal tenden- 
cies to sadomasochism Finally, by identification with the parents self 
obsen'ation wall take the place of the observation by others The self 
obsen'ation wall be blended w ith sadomasochistic tendencies The indi- 
t idual wall at first be able to admire his body as w ell as his thinking 
Since such a detachment from the love object cannot remain satis^actort 
the self adulauon will be follow ed by h)>p>ochondriac signs To the denial 
of vision in the sphere of perception is now added the loss of admiration 
of one’s self The indi\ idual, howeter does not complctelv gne up and 
w ill at least enjoy the self obsen-ation w Inch represents the sadistic com- 
ponents as w ell as the \ oyeuristic and narcissisac (self-admiring) ones 
The patients, furthermore, presen c their intclicctuahrv' m this wav and 
arc able to continue their acm ities m the social and pin sical w orld w hicii 
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may appear outrv\ ardly successful althougli empty of emotional satisfac- 
tion for the mduidual Dcpcrsonahration is the neurosis of the good 
looking and intelligent m ho w ant too much admiration 

It IS understandable that a neurosis of such depth \\ ill need a psycho- 
therapy of long duration Tlie liest obsen ers m this field agree on this 
point Oberndorf, for instance, has treated his cases for a long time and 
Bergler and Eidclbcrg sinte as follows “W'c think that this absolute 
pessimism (concerning the treatment) is nor pisrified, how ever, it is 1 
prerequisite for the therapy that one knows the mechanisms and starts 
on the right point Furthermore, sers long time is necessary’’ While 
the anah'sis of a more sc\ ere case of obsession neurosis takes at least tw 0 
to tw o and one-half years, the double space of rime is the requirement for 
the treatment of depersonali/,ation It docs not seem to be \ er\<’ hopeful 
if one demands half a deccnnium for a treatment Ilowctcr, ‘arntcus 
Plato, vtagis atmea zeritas'' ” The experiences of Oberndorf and mi self 
arc, howeser better Some of nn cases were treated with individual 
psychoanalysis some of them were treated in group ps\ chothcrapy Two 
cases may be mentioned shortly 

Rose H came for treatment at the age of tw cnty-fi\ c w ith deperson- 
alization symptoms wdiich had existed for tw 0 years She was good look- 
ing and of superior intelligence As so often occurs, the symptoms had 
suddenly started during an episode of petting in w Inch she had felt that 
she had lost herself and her emotions Her sexual feelings also vanished 
suddenly This episode had folloxxcd an incomplete and disappointing 
loye affair w ith Iicr einployci The final rc|cctiori by him had rc\ n ed the 
humiliations she had experienced in early childhood from her father The 
psychological treatment led to a rccoscry after two years The symp- 
toms disappeared coniplctcl\ , liow c\ cr, one year after the treatment, the 
patient had not yet made a sexual adaptation 

Gertrude W came for trearment at the age of tw enty-one Deper- 
sonalization symptoms had persisted for sc\ oral years She complained 
“that things w ere moving up and dow n before her eyes ” “I feel my head 
IS empty There is only a blank inside It is as if I w ould be asleep 
all the time I do not realize how time passes My wdiole intelligence and 
personahn’ have disappeared I have no desires anymore 1 might as w^ell 
be dead My voice has changed complcteh' Sensations are present 
but they do not reach my head ” The patient had also a w ealth of Itypo- 
chondnac sensations w Inch pertained particularly ro her abdomen She 
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was very much concerned about her anal functions A great hostilitv 
concerning the mother reached back into early childhood There m ere 
very lively sadomasochistic phantasies since the age of five The patient 
was treated \\ ith group psychotherapy and lost almost all her symptoms, 
hov e\ er, m this case, also no sevual adaptation m as reached 

Three other depersonalization cases w ere treated by L Bender v ith 
good results However, several years later all three cases relapsed under 
difficult outv ard situations In one of my cases no therapeutic result v as 
achie\ ed in three months and the patient discontinued the treatment In 
uvo cases psychotherapy resulted in minor gains These cases vill be 
mentioned later in another connection 

Wc may summarize by saying that psychotherapy m depersonaliza- 
tion cases takes a great amount of time, is technically difficult, does not 
alv ays remove all problems and does not protect the patient from 
relapses Hov ever, there is no question that every case of depersonaliza- 
tion needs a great amount of psychological help, and there is no reason 
to be pessimistic concermng psychotherapy m these cases The treatment 
has to be psychoanalytic or has to utilize psychoanalytic insight 

Considering the difficulues of the psychotherapeutic approacli one 
mio-ht ask avhat could be done for these patients by medication I line 
occasionally tried benzedrine m depersonalization cases, howe\ er, the 
results were passing and the psychotherapeuuc approach v as in no v av 
helped by the medication Guttmann and Maclay- ha\ e studied the influ- 
ence of mescaline on depersonalization s>^mptoms insofar as the^ consist 
of changes of the surroundings (derealization) but not of the self How - 
ever, this improvement was of short duration, not lasting longer than 
one day The authors come to the conclusion that it may be used as in 
adjuvant for psychotherapeutic activit)* A drug which brings a relief 
of short duration is obviously not of a great therapeutic a aluc w ith such 
chronic problems It is usually not ven^ helpful in psychotherapa w lien 
one proves to the patient by the temporary relief w ith drugs, that he can 
feel better Drugs which allow the patient to come to a deeper insight 
by increasing the transference situation ind changing the state of con- 
sciousness help the psychotherapeutic approach much more than drugs 
which merely relieve symptoms Sodium amyral mav act in such a w a\ 
It has not been tried m depersonalization cases I ha\ e nn self tried to 
use benzedrine^- as a help in retealing psychotheripv ot neuroses How- 
eter, is mentioned aboac such results were not achicicd in depcr^onil- 

ization cases 
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The modern methods of treatment for schi/ophrema ha\e onlv been 
tried occasionally in sc\ ere neuroses Glucck'’^ mentions in one of his 
publications a case of sc\ ere obsession neurosis \\ Inch impro\ cd by insulin 
treatment In the series of eases treated in Bellevue, one case of severe 
obsession neurosis reacted onh tcmporariK to the treatment At Bellevue 
we generally found the appheition of merra/ol therapy simpler trom a 
technical point of v levv ’ ' and decided therefore to make an attempt to 
treat this particular tv pe of neurosis w ith metra/ol The depcrsonah/ation 
cases constitute a comparativ eh well defined group of neuroses The 
psychotherapeutic appro leh to these eases is diflicult Results obtained in 
such a group w ith metra/ol might be of use m ev aluating the treatment 
for neurosis m general W e have followed the technique of Meduna^^ 
and use a 10 per cent aqueous metra/ol solution Injections were given 
intrav enouslv' m doses varvnng from 4!,^ to 15 grains We tried to pro- 
duce three conv ulsions in a w eek One case mav be reported in a short 
abstract, as an example 

Johanna L , thirtv -one v ears old comes from a famih m which the 
father and one aunt had severe psvchotic states probably of manic- 
deprcssiv c character She w as alvv a\ s considered an outgoing personality 
Also her brothers and sisters were energetic and successful She was the 
oldest of fivm children, three girls md two bovs She hid two children, 
one of w horn w'as onh' a few months old w hen the patient got sick The 
family was at that tunc in straitened financial eircumstinccs The illness 
started fivm months before admission to Bellevue Hospital She com- 
plained that she ahvays felt too tired and w'as disinclined to sexual inter- 
course She ate v cry little and claimed that she had lost her sense of tiste 
She thought this w as as a result of a cold She became untidv m appear- 
ance and w'as preoccupied w ith the care of her childi cn She complained 
that she had lost interest in things, that she didn’t belong to this wmrld 
and that she couldn’t erv’' She w as sent to a sanitarium There she stated 
that she wms not alivm but had turned to stone and had no feelings and no 
emotions In the sanitarium she svv allow cd sev oral needles w ith suicidal 
intent, and w^as, therefore, sent to Bellevue Hospital, on September 10 
She said “I can’t Ime, I don’t feel at all, I just got fear of life, ev erv'thing 
became complicated, everything turned in me, the w hole w orld just looks 
flat Nobody can help me It feels as if I had no place on earth, nothing 
m the world belongs to me, I don’t feel that my family and children 
belong to me, life has been taken out of me, I seem to be inside out 
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E\ ervthing looks backw ard, the heart doesn’t seem to be m the same 
place, I can t change, just like a chair over there It is as if the eyes 
would look inside instead of out Time neither passes nor stands still It 
doesn’t seem like another day, there is no penetration of enjo\ment 
My mmd goes round and round all the time in circles, the y hole w orld 
looks flat to me I know what torture you and everyone else is going 
through but no torture is greater than my misery ” On the y ard she y as 
seclusiye and did not talk spontaneously Hoy eyer, she y as \ eiy^ produc- 
tiye when one talked with her On one occasion, she tried to grab iodine 
in order to drink it 

On October 4th, metrazol treatment was instituted She recen ed 414 
grains intravenously and had no convulsion From then on, up to the 
seventh of November, fifteen convulsions were produced, the first four 
yuth injections of 6 grains, the subsequent three with 7 14 grams and the 
last eight AVith 9 grains There were no particular incidents during the 
treatment The improvement started after the third con\ ulsion and pro- 
gressed steadily The clinical symptoms had practically disappeared after 
the tenth injection The patient was discharged fully recot ered and y ith 
full insight, but she still receives psychotherapeutic help 

We have treated nine cases so far Table I shoy s the most important 
features of these cases The patients were treated in the hospital y ith the 
exception of ttvo who xvere treated in the out-patient department These 
ttvo patients, however, could not be induced to have more than three 
convulsions They felt improved but experienced a sensauon before the 
convulsion so terrifying that they did not want to continue voluntarily 
We have had the same experience in other patients yhom ye tried to 
treat in the out-patient department We have discussed all the details of 
the treatment, not only ynth the patients, but also tvith the relatn es and 
treated only those patients tvho could themselves be com meed that the 
treatment might be effective There tvere no untoward incidents in the 

O 

treatment, except that one patient dislocated his shoulder, but the effects 
of this had disappeared m a fey days 

Not much has to be added to this table E\ erx'one y ho has y orked 
xvith depersonalization cases y ill agree that the results surpass the results 
reached by other methods One may doubt the diagnosis m the one or 
the other case, for instance, in the case m y Inch emotional flatness is 
noted This case was diagnosed by others as one of schizophrenia The 
borderline betxveen endogenous depression and depersonahzanon ma\ be 
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sometimes difficult to draM However, these diagnostic difficulties he in 
the nature of the subject 

It IS ob\ lous that insulin and metra/ol treatment ha\ e a field of appli- 
cation also outside of the field of schizophrenia They hat e been t ari- 
ously tried in manic-depressive psychoses iMy own experience v ith the 
metrazol treatment of manic depressives is too small, hou ever, there v ere 
startling results in two cases of confused mama (the onlv ones treated) 

I have also observed improvements m depressions Bennett^® leports that 
ten consecutive severe depressive psychotic patients have all been rehet ed 
by shock therapy He reports that the improvement staited two weeks 
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after the treatment began He also (Quotes literature mHcH asserts that 
hysteria and anxiety cases derived benefit from metra/col treatment inso- 
far as the patients established a better lapport for psychotherapy after 
Its use 

In most of our cases the first signs of improvement appeared after the 
first three or four injections, and m the majority of cases the s^ mptoms 
disappeared after about six to ten injections \\ e find it adi isable, how - 
ever, to give ttvo or three more injections after the symptoms ha\e 
cleared up The symptoms may disappear without further psycho- 
therapy, even then, the individuals always ha\ e unsoh ed psy chological 
problems I am, therefore, of the opimon that every depcrsonahzation 
case which is treated with metrazol needs extensn e psychotherapy e\ en 
after he is free from manifest symptoms W’e have acted accordingh in 
all cases in which the outward circumstances made the appiicanon of 
psychotherapy possible This is the same point of 1 leu u hich Orenstem 
and myselF’ have taken m respect to insulin and metrazol treatment of 
schizophrenia 

One may'', of course, raise the question whether the results of this 
treatment of depersonalization are merely due to ps\ chological factors 
connected with the treatment The patient experiences indeed terror and 
fright and even a threat of death The transference is increased uhen he 
regains consciousness However, it seems to me that such psychological 
phenomena are obviously the reflection of deep-hing changes in the 
organic functions Furthermore, experience shows that decp-hing neu- 
rotic pictures cannot be influenced by mere fright I am, therefore of 
the opinion that organic changes in the brain function connected \\ ith 
metrazol treatment have a therapeutic effect on the depersonalization 
neurosis It is not possible to say at the present time u hethcr one can 
generalize this statement for other neurotic conditions It is e% en too early 
to state that the cure in depersonalization cases and in manic-deprcssu c 
psychosis and schizophrenia ill be a lasting one How e\ er one of my 
recovered depersonalization cases is free from symptoms and has w orked 
steadily for more than ten months 

SuMM^RX VND Conclusion's 

I The picture of depersonalization is a rather w ell circumscribed 
chronic neurotic picture w Inch offers great difficulties for psx chothcr ipv 
Howe\cr by psychoanalysis or methods akin to psychoanah sis good 
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results can be obtained if the treatment is continued for years 

2 Treatment with mescaline and benzedrine is inefTectnc 

3 Nine cases are reported in which the intra\cnous treatment uith 
metrazol in doses sufficient to gne conwiisions, gave good results Hou- 
e\ er, some of the cases w ere not completely cured 

4 This treatment should be comliincd with ps\ chorherapy 

5 The effects of treatment arc probabl\ due to organic changes 
The psychological effects of the drug treatment are not sufficient to 
explain the results 

6 Aletra/ol treatment is not onl\ effective in schizophrenia but also 
in manic-dcpressiv e pv schoscs and in specific t^ pcs of chronic neuroses 
The question arises vv hether other tv pcs of so-called psv’chogcnic dis- 
turbance (neurosis) will be responsive to this trcarinent 
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Dtscmsion 
A'Ianfred Sakel 

The paper of Dr Schilder is one of great interest It is indeed an 
important step in the endeavor to treat neuroses somaticalh I do not 
dare to discuss the psychological aspects of depersonalization since Dr 
Schilder is one of the most experienced in this matter Xo doubt those 
M ho expect me to defend the wholly somatic point of view w ill be dis- 
appointed It IS therefore fortunate that there is no need now for such 
a dualistic defense 

DepersonaJizaaon should be considered as a kind of dv^sfunction in the 
perception of the own personalit)^ This defimtion by itself brings up a 
very difficult question To discuss the related problems w ould force me 
to define the meaning of the term “personalir\%” itself I do not wish to 
involve myself in these far-reaching spheres I may only call ^ our atten- 
tion to the fact that there are symptoms in many other diseases w Inch 
could easily suit this group These are diseases w Inch, it is generally 
assumed, do not derive from psychologic sources only I w ould like to 
emphasize the fact that similar experiences occur in the onset of schizo- 
phrenia, as Dr Schilder mentioned The schizophrenic often feels him- 
self estranged from the external world, and the surrounding cm ironmcnt 
has a changed significance to him He perceives new , peculiar and quaint 
features which he did not notice before, from without as well as from 
xvithin 

It seems to me that the normal picture of the wwld and the feeling of 
being familiar wnth it, as w^ell as a feeling of being familiar w ith one’s ow n 
psychological condition, should be alw ays considered as bound to normal 
functions of the brain It seems to me too that e\cry change in the 
organism and especially in the functions of the brain is perceu cd in some 
W'ay by the individual self One may imagine it as a kind of a switch- 
board on which the red-lights can be flashed only when disturbances 
occur xvhich bring them to our perception, but normallv there is no 
realization at all because no red-Iight flashes occur 

These warning sicrns may come from nio dilterent sources From 
the pathw'ays of perception (w hen confusion or “short-circuiting” result 
in hallucinations), and secondly from disturbances of self-percepuon 
These experiences are both an expression of the dysfunction of the brain 
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This Statement does not exclude the fact that this dysfunction can be 
and frequently is induced by psychological causes One recalls the 
known example of the cat w Inch show s stormy intestinal movements 
while stroked in the wrong direction L\cryonc will admit that these 
mo\ enients arc, in the final analysis, induced by biochemical stimulation 
Doubtless everyone will admit also that the releasing cause w'as the 
feeling of discomfort The culmination of this result can be achieved 
from both poles 

I may stress that some cases of neuroses liav e a special tendenev^ for 
biochemical dysfunction A slight ps\ chological cause is sufficient to 
release the symptoms Dr Schilder it the end of his paper pointed out 
that somatic changes are finailv’^ and basically responsible for neurotic 
symptoms Although there arc further additional questions w Inch unfor- 
tunately cannot be thoroughly discussed in brief, this is the point in 
which I generally agree with him May I add that at the beginning of 
the pharmacological shock treatment of psychoses, I treated a great num- 
ber of patients including almost all diseases within the psychiatric range 
It happened that I w as able to treat among them quite a number of those 
w ith symptoms of depersonalization It is true that the results w ere most 
satisfactory, how ever, I did not publish the results, being afraid that I 
w ould be charged wTth claiming to possess a cure for all maladies 

It IS regrettable that Dr Schilder did not hav e the opportunirv’ to 
watch the development of this shock treatment from the beginning I 
recognized very early, that the production of conv ulsions, per se, is not 
efficient enough a factor, in the combined therapeutic procedure to be 
used alone effectively Althousfh admimstrrtion of metrazol without 
insulin IS certainly easy, no advantage could be seen either for the doctor 
or for the patient For this reason I treated also the patients with obses- 
sional neuroses and patients w ith symptoms, as described principally by 
Schilder in the usual way I used the metia/ol to provoke the imminent 
convulsion in hypoglycemia about two to three hours after the applici- 
tion of insulin The terrifying effect of the preconv ulsion period was 
entiiely eliminated In our cases no fears were observed, therefore no 
objections were made, and no necessities occurred to stop the treatment 
But this IS relatively of less importance Mainly I w ould like to point out 
my belief that the effect in quality and also in the duration was much 
better by applying the tieatment as I desenbed it 

In these cases the metiazol doses to provoke a convulsion during the 
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hypoglvccmia average about onc-thinl of the closes whieli l^i Sehilclei 
mentioned, this factor is not to be neglected In some patienis, who did 
not show depeisonah/ation symptoms at all diiimg then illness, these 
symptoms were manifested m a maiked degiee for a shoit time after ihe 
patients’ awakening from coma \n obsessional neurone, foi esample, 
reacted in this manner and one patient with sthi/ophienn whom I 
described in my book 1 did not keep rceoids of the duntion of imjMove- 
ment in cases of neuroses and so cannot say much about this, Imt in iw'o 
patients avhom I treated in the abo\ c-dcscnbcd manner, I was infoimed 
of progress for a period of two vcais One w'as an eveeutive wlio had to 
neglect his business for a few' \ eais due to his illness After the tre itnient 
he W'as able to assume again the rcsponsihiliiy of his business ind, as I 
W'as told, a cry successfully He w'ls still doing so w lien 1 1 ist heard of him 

t 


Discussion 

Louis W FNin R 

Since Dr Schiidci’s paper deals with the treatment of ciepersonah/a- 
tion, I shall not enter into the psychodynamics of this disordei and its 
treatment by psychotherapeutic means alone There is no doubt that 
there are underlying psychological factors in tins symptom eomplev 
Depersonalization, per se, is not a disease entity, init a symptom prevalent 
m many mental disorders It is common in schi/opliiema and mame- 
deprcssivc psychoses, and also m chronic psychoneuroscs Although eacli 
individual may describe Ins s) mptoms somewhat dilTercntly, the concur- 
rent syndrome is tliat tlic outer world seems stiange, tlierc is a feeling 
of unreality and an estrangement from the outside w'orld There is a 
loss of “feeling tone ” This symptom is so common among hospital 
patients w'lth functional disorders that one is at a loss, at tunes, to oi er- 
comc It even w'lth intcnsne psychotherapy Dr Schildcr tonight has 
demonstrated to the Society the fact that dcpersonah/ation, wherher as 
a symptom alone or associated with other symptoms of mental disease, 

can be overcome by rhe use of chcmothcrapv 

At Hastings our experience with rnetra/ol has given us tlic same 
results as those reported by Dr Schdder ^Vc hav e admimscercd mctri/ol 
CO forty-three patients, completing the course w ith thirt\ -six kv cm\ - 
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one of these m ere suffering from chronic psychoneuroses and depressions 
m which the depersonalization syndrome m as very marked Of the fifteen 
others manifesting a schizophrenic reaction, only a few presented any 
depersonalization symptoms Our results w ere very satisfactory As a 
matter of fact, we arc of the opinion that in depressions m here the stupor 
IS not \cry deep, Adhere there is no retardation, but where there are 
marked symptoms of depersonalization and feeling of unrcall^\^ nietrazol 
has a vcr\' beneficial effect in accelerating the rate of rcco\crT' The 
common statement that depressions get well anvway, c\cn without 
chemotherapy, is probably true, but mctrazol precipitates an earlier 
recovery and perhaps breaks up the mamc-depressn c c> clc I make this 
statement on the basis of our experience w ith tw o patients, both nianic- 
depressn es, one w ith obsessional thinking, one w ith a depersonalization 
syndrome The latter had tw o prc\ lous attacks each lasting about a \ car, 
the other was also sick prc\iouslv for about nine months In each case 
the depression w as follow cd by a In pomanic phase Both recently had a 
lecurrcncc of their episodes and were hospitalized, and we decided to 
gn c mctrazol to both To our great surprise both cleared up rapidly, the 
duration of hospitalization in one case being sc\ cn w ccks and in the 
other, about ten One left the hospital in July and the other in September, 
neither show ed subsequent hypomanic reactions and both are doing w ell 
at present This, of course, requires further study and \ cnfication 

I am in agreement w ith Dr Schildcr that mctrazol and insulin are not 
the only remedies in the treatment of the chronic psychoneuroses, that 
these persons require psychotherapy and that the psychotherapy should 
be started as soon as the patient begins to show response to the chemo- 
therapy, that furthermore, the administration of mctrazol should not be 
discontinued suddenly but should be reduced gradually In our experi- 
ence at Hastings, after the patient begins to shoxv definite improx ement, 
the treatment is reduced at first from three times a x\ eck to tw ice a w eek 
and later to once a w^ek, the patient m the meantime receiving intensive 
psychotherapy After the injections arc completely discontinued, active 
psychotherapy is continued until the patient is discharged A'^e belie\ e 
that this prevents a recurrence of the mental disorder Thus far, none of 
the mctrazol cases in our group that recovered or shox^ ed lmpro^ ement 
have returned to the hospital 

How'^ mctrazol w'^orks I am unable to state Personally I do not think 
It IS a fear phenomenon, for our experience has shown that if the patient 
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does not get a good convulsion, he does not shoiv the proper response, 
and the patient’s fear when there is no convulsion is much greater than 
when the patient gets a seizure As a matter of fact, the fear of impending 
death is so marked if there is no com ulsion that the patient sometimes 
refuses to take another injection unless he is promised that the dose v. ill 
be large enough to gne him a comulsive seizure Repeated injecuons 
without convulsions do not produce any change On the other hand, if 
there is going to be a response, one notes an improi ement after the third 
or fourth consecutive convulsion Therefore, if we are going to assume 
that the reaction is due to fear, this fear probably touches the deep uncon- 
scious, but certainly it is not conscious fear that gets them v ell The 
probabilities are that the metrazol seizures disturb the biochemical rela- 
tionship in the system, perhaps discharging certain tovins and reorgamz- 
ing the cortical funcuomng 

Our experience has also shown that metrazol can be used in set ere 
chronic psychoneuroses, especially of the obsessional ts pe, or the chronic 
anxieties At present we have a patient, a severe compulsion neurotic of 
three years’ duration, who prior to coming to Hastings receii ed psycho- 
analytic treatment for ten months and was just able to get along W hen 
admitted to the hospital, he was so full of obsessions and compulsions 
that It would take him hours to dress and undress It would take him a 
whole half hour to wash his hands He was afraid to touch anything and 
even to say anything because he was afraid that his v ords might hurt 
someone He was so obsessed that he even felt his \ erj* presence might 
hurt people and, as a result, he would stay in his room for hours at a 
time before he would decide to go out lATen the family wanted him to 
go out of the house, they resorted on se\ eral occasions to putung some 
strong disinfectant in his room in order to choke him out This panent 
receded eighteen metrazol injecuons and by the time he had had the 
uvelfth, we were amazed to note the change in his condition Pnctically 
all the obsessions enumerated above base disappeared he esen works 
around the hospital, cleaning, uses his hands freely and enters readily 
mto conversation This paoent is at present under actn e psi chotherap^ 
in order to try to remove some of the deeper undcrlving mechanisms in 
the hope that ive may change his character thinking 

Dr Schilder should be congratulated on bringing this interesting 
topic and this form of treatment before the Society' for there arc a great 
many patients w^hose financial status does not allow them the luxuix of 
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undertaking an analysis of a year 01 two m the hope of getting their 
difficulties adjusted, and there aie also many people uhosc intellectual 
constitution is such that, c\cn if they can afford the money, anal} sis is 
of no avail We who practice among the former group ha\ e to resort to 
\ arious means of getting them back to socict)’-, and if mctrazol can rcnioie 
the SMiiptoms and make the indnidual a useful member of his social 
group It should be tried on all patients vlio fail to respond to ps\clio- 
therapv or in \\ horn the duration of illness is o\ er a year 
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PRESENT STATUS OF PROTAMINE INSULIN* 

Herman' Lavde 


HE effective retardation of the action of insulin b\ 
combination with protamine promised a new era m the 
treatment of diabetes The demonstration that the addi- 
tion of zinc to this compound not onh increased its 
stability but enhanced its hypoglycemic value resulted in 
the preparation now m general use Protamine zme insulin has been 
available commercially for two years The early enthusiastic reports hat e 
been somewhat tempered by further evperience but in the light of that 
experience we are better able to evaluate its advantages and disadvantages 
The prolonged action of protamine insulin has been ampl) confirmed and 
careful studies in fasting patients have indicated that it may be effeem e 
for as long as forty-eight to sevent}'-n\ o hours Obviously a more stible 
blood sugar level can be maintained than with a soluble insulin w hose 
activity is limited to approximately six hours There is, however, an 
important distinction between the availability of protamine zinc insulin 
throughout the twenty-four hours and the physiological action of the 
normal pancreas Unfortunately, insulin is liberated from the subcuta- 
neous depot of protamine zinc insulin at a constant rate independent of 
the physiological requirements of the body, even after the ingestion of 
carbohydrate 

Reports from large groups throughout the countrj'- disclose a marked 
variance in the results obtained xa ith protamine therapy, ranging from 
30 to 80 per cent of satisfactorily controlled cases However, it should 
be borne in mind that staastical studies of diabetes arc especially mislead- 
ing Diabetics differ in their response to treatment and clinics differ in 
their criteria of satisfactory control In fact, one of the most disconcerung 
results of the introduction of protamine zinc insulin has been the low ering 
of the standards of diabenc control 

The A'-arying response of diabetics to treatment is of especial impor- 
tance in ex^aluating the results Aiith protamine zinc insulin The obese 

• Dcll^ered December 21 lOjS the joint mcetinp of the Section of Medicine a-d the New Ac .. 

Diabetic Association 
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adult type is as a rule easily controlled by dietary restrictions uith or 
without the use of insulin A moderate dose of protamine rinc insulin 
given once a day is often sufficient to maintain a persistently sugar-free 
urine and a fairly stable blood sugar level in adults \\ ho have been pre- 
viously controlled by thirty units or less of regular insulin Protamine 
zinc insulin is an almost ideal therapeutic agent for this group of patients 
so far as convenience and control of glycosuria arc concerned Fortu- 
nately, the great majority of diabetics arc of this type 

The juvenile, adolescent and early adult diabetic bate frequently 
presented difficulty in treatment because of the irregular control of 
glycosuria and tlic tendency to sc\ ere hypoglycemic reactions The use 
of protamine zinc insulin m this group has been less encouraging, and 
satisfactory control can only be obtained in a small percentage of cases 
with a single dose of protamine zinc insulin The general consensus, 
however, is that the results arc superior to those obtainable \\ ith regular 
insulin 

The latent period of soluble insulin \ ancs from fifteen minutes to one 
hour and its maximum duration of action four to six hours Protamine 
zinc insulin begins to exert its maximal action after three hours and this 
action may be prolonged from twenty-four to fortt'-cight or c\en 
seventy-rwo hours Regular insulin is therefore best adapted for the 
control of postprandial hyperglycemia and glycosuria Because of its 
limited time of action it will be of little \ aluc in the control of the increas- 
ing nocturnal hyperglycemia which characterizes the sc\crc diabetic 
Protamine zinc insulin liberated at the rate of ^ to 4 per cent an hour from 
Its subcutaneous deposit x\ull control the nocturnal and fasting hyper- 
glycemia but xvill not be available in amounts adequate for the hyper- 
glycemia that folloAvs meals It should be emphasized that the primary 
objective of treatment wuth protamine zinc insulin is the control of the 
disease during the night Experience has demonstrated that this can be 
best accomplished by a single dose of protamine zinc insulin one hour 
before breakfast The maximum effect on the blood sugar is exerted 
twenty to twenty-four hours after its administration By administering 
protamine zinc insulin before breakfast, it is therefore possible to utilize 
a single specimen of urine, that passed before breakfast, as a reliable guide 
to dosage If the specimen before breakfast is sugar-free for three to 
four days, a blood sugar determination should be made regardless of the 
degree of postprandial glycosuria Under no circumstances should the 
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dose of protamine zinc insulin be mcreased to control the postprandial 
glycosuria in the presence of a normal fasting blood sugar level Such a 
procedure may result in serious hypoglycemic reactions Furthermore in 
establishing the dosage of protamine zinc insulin, changes in diet and 
medication should only be made after three or four days as there is reason 
to believe that protamine zinc insulin may exert a cumulative effect for 
as long as seventy-tn o hours 

With the dose of protamine zinc insulin established by the fasting 
urine specimen and blood sugar level, a persistent postprandial gl\ cosuria 
can be controlled by one of t\\ o methods ( i ) by supplementarv doses 
of regular insulin or (2) by modifications of diet The supplemental^ use 
of regular insulin means multiple injections and in this v ay one of the 
main advanatges of protamme zmc insulin is lost Honeier multiple 
injections may be necessary m those cases that cannot be adequately 
controlled by dietetic methods It has been our experience that protamine 
and soluble insuhns cannot be combined m the same syringe as prota- 
mine zinc insulm contains an excess of protamine that ill partially pre- 


cipitate the soluble insulin 

Our experience has agreed with that ol Wilder Josim Campbell and 

others that better control is usually obtained if not more than 150 grams 
of carbohydrate are included m the daily allowance Others haie re- 
ported satisfactory results ruth as much as joo grams of carbohydrate 
daily but m most cases the disproportion beni een the insulin ai ailable and 
the large carbohydrate intahe at meals creates difHcuiv in control .Vtcr 
all, the usual diet of 1 so grams of carbohydrate (70 of protein and 80 of 
fat) permits three slices of bread, a large pornon of oatmeal, three por- 
tions of fruit, four portions of 5 per cent vegetables, one-quarter pint 
each of milk and cream, an egg, two moderate portions of meat and 

three portions of butter 

Tim usual difficulty m tteaang the set ere diabetic tilth protamine 
zinc insulin is the tendency to postprandial glsjosuria, especiallt after 
breakfast, and the tendency to hypoglycemia during the night and in 
the early morning The most common method of otercomm post- 
prandial glycosuria IS to spread the meals, ttitholding portions of carbo- 
hydrate for afternoon and bedtime feedings To otercome marked fluc- 
tuations in the blood sugar let el tte hate auempted to regulate the diet 
so as to retard the absorption of glucose and in this tint pretent the 
flooding of the blood and tissues ttlth sugar after meals Bt this method 




276 


THE BULLETIN 


we have hoped to strike a more even balance betw cen the glucose a\ ail- 
able for oxidation and the insulin liberated from its subcutaneous depot 
Dr Pollack- has demonstrated that carbohydrates differ in their relatue 
rates of availability^ as glucose This is especially true of fruits For all 
practical purposes fruit juices represent almost pure glucose solutions 
which arc rapidly absorbed and cause a sharp rise in the blood sugar On 
the othei hand, such a fruit as the banana is slov ly absorbed and produces 
a less marked elevation of blood sugar The addition of fat in the form of 
heavy cream to fruits and cereals delays the cmpt\ mg of the stomach and 
retards still further the absorption of glucose thereby prolonging its 
availability The advisabiht)’’ of a small breakfast is suggested bv the 
common tendency to glvcosuria after this meal 

The problem of a\ oiding nocturnal and carlv morning hypoglvcemia 
requires a constant supply of glucose during the night It is knovn that 
from 50 to 60 per cent of protein is con\ crtiblc into glucose and that the 
emptying time of the stomach after a meat meal may be as long as three 
hours For protein to become a\ailablc as glucose it must be digested, the 
ammo-acids carried to the Incr, dcammi 7 cd and rcsymthcsizcd into 
glucose The time necessary for these processes prolongs the a\ ailabiliry* 
of the glucose derived from protein This suggests the ad\ isability of a 
large meat meal at night and the scr\ mg of the c\ enmg meal as late as 
possible In accordance vith these obscr\ations we Innc adopted the 
following dietetic regime for use \\ ith a single dose of protamine zinc 
insulin administered before breakfast 

1 Diets are limited to 150 grams of carbohydrate at the onset 

2 The use of readily'- absorbed fruits and fruit juices is a\ oided 

3 Carbohydrate is divided into i /5, 2 /5, and 2 /5 for breakfast, 
lunch and supper 

4 Proteins are divided into i /6, i /6 and 2 /3 for breakfast, lunch 
and supper 

With this regimen we ha\ e usually'- been able to a\ oid the necessity^ of 
supplementary'- feedings and to control the tendency'- to nocturnal hypo- 
glycemia 

However, m spite of all dietetic methods an appreciable postprandial 
gly'-cosuria frequently'- develops in the presence of a normal or even sub- 
normal fasting blood sugar level At times the gly'-cosuria will appear and 
disappear for no detectable cause iVIore often die cause will be found in 
errors of technique in the administration of protamine zinc insulin To 
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evaluate a case properlv the history of the actual \ lal of insulin used must 
be knou n Many jobbers and retail druggists keep the protamine zinc 
insulin on the open sheh es of a hot storage room for a \ anable period oi 
time M ith consequent damage to the insulin Et en if the patient u ho buvs 
the insulin is as careful as possible the damage has already been done In 
addition the storage of insulin on the u indow sill the small gauge needle 
the droplet of alcohol accidentally put into the insulin \ lal and the hot 
syringe may contribute to failure m therapy The trequent dei. elopment 
of subcutaneous indurations at the site of the injections suggests that 
irregular absorption may also be an important factor A \ an, ing percent- 
age of cases, hou e\ er, cannot be controlled u ith protamine zinc insulin 
according to the usual standards There is no doubt that a fair proportion 
of patients taking protamine will not be as nearly sugar-free throughout 
the nventy-four hours as when taking three or four doses of regular 
insulin a day 

This raises the important question of the criteria for adequate control 
These range from the insistence upon a normal blood sugar throughout 
the day to the other extreme that no attempt should be made to restrict 
the diet or control glycosuria bur to administer protamine in doses ade- 
quate to prevent ketonuria It may be possible to prei^ent hvpcrgh cemia 
throughout the twenty-four hours by the administration of soluble in- 
sulin before each meal in addition to protamine zinc insulin in the morn- 
ing However in the majority of even moderately severe cases an attempt 
to maintain a normal blood sugar throughout the day u ill result in fre- 
quent hypoglycemic reactions Josim® has recently stated that the restric- 
tion of the loss of sugar in the urine to lo per cent of the carbohydrate m 
the diet is justifiable According to the dieran* regime used by Joslin and 
the at erage urinary excretion, this approximates a i per cent gl\ cosuna 
We hate considered a fractional glycosuria after meals Mith no more 
than an occasional trace of sugar in the urine before breakfast as satisf ic- 
tory control In evaluating standards of control, a distinction must be 
made betv een the glycosuria which follows a meal and that m hich occurs 
during the night The former represents an o\ erflou from an exogenous 
food supply, the latter is dern cd from the stores of glycogen and the 
breakdown of endogenous protein There arc periods during the tu enta - 
four hours when the tissues of the sea ere diabetic treated aaith insuf- 
ficiently frequent doses of unmodified insulin delu cr amino-acids for the 
manufacture of dextrose This results in recurring periods of ncgatia c 



nitrogen balance and an accompanying ketosis ^VlIder‘ has demonstrated 
that even in the presence of an appreciable postprandial glycosuria, the 
endogenous production of glucose and the resulting protein wastage can 
be prc\cntcd by protamine /me insulin Furthermore, the absence of 
ketosis during the t\\ enty-four hours is much more complete with prota- 
mine zinc insulin than v as c\ cr possible Muth three or c\ en four doses of 
soluble insulin in cases of se\ ere diabetes The nitrogen sparing and anti- 
ketogenic effect made possible by the continuous action of protamine 
zinc insulin is the basis for the relaxation of standards of diabetic control 
and the abandonment of a consistently sugar-free urine as the essenual 
aim of diabetic therapy 

One of the fundamental concepts of diabetic therapy has been that an 
uncontrolled glycosuria increases the susccptibihry to the untoward 
complications of diabetes This is cspccialh true of the young diabetic 
where the clinical picture is not complicated by senile degeneratne 
changes In the adult, tissue susceptibility in the presence of glycosuria 
IS probably best illustiatcd in infections which remain rcfractor\ to 
treatment until the diabetes has been controlled Coma has in large pirt 
been eradicated as a cause of diabetic mortality and our therapeutic 
problem today is the prc\ cntion of the dcgcncratn c changes to w Inch the 
diabetic is particularly susceptible It may be that w ith the prc\ cntion of 
acctonuria and protein w'astagc, the degree of glycosuria is of no signifi- 
cance in the production of degeneratne changes The cause of these 
degenerative changes is not know n and the c\ idcncc that hyperglycemia 
and glycosuria arc etiological factors in their production is not com inc- 
ing Eventually \vc may be able to state that glycosuria w ith protamine 
zinc insulin is not harmful because there is alw ays functioning insulin in 
the body, a status not attainable with soluble insulin However, c\en 
though a continuous supply of insulin is a\ ailablc and protein w astage and 
acctonuria can be pret ented by piotaminc zinc insulin, the prevention of 
degenerative changes in diabetes is far too serious to be dismissed with the 
assumption that a persistent glycosuria is harmless w ithout more com mc- 
ing evidence than has as yet been picscnted 

The most serious complication encountered in the use of piotaminc 
zinc insulin is the hypoglycemic icactions These are especially malig- 
nant in that the hypoglycemia develops gradually and is not attended bv 
the stormy symptoms characteristic of regular insulin If the patient is 
confined to bed or is resting, symptoms may be entirely absent or appear 
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late It IS a common experience to encounter a paaent completely s\ mp- 
tom free m spite of a blood sugar of 30 or 40 mgms \\ hen s\ mptoms 
appear the)' are characterized by drowsiness, fatigue, headache and 
nausea They are often overlooked at the onset, especially as the\ may- 
occur at a time w hen the patient cannot behe\ e that the ininal v arning 
sy^mptoms are of hypoglycemic origin Because of the slov fall in blood 
sugar the compensatory mobilization of epmephrm is less pronounced 
and the tremor, sweats, tachycardia and throbbing sensations that charac- 
terize the reactions with regular insulin do not appear Furthermore, the 
hypoglycemia may recur after treatment or e\ en after meals Sugar 
should therefore be administered at half hour mten als for a prolonged 
period and should be immediately resumed if s^'mptoms recur Because of 
the absence or paucity^ of symptoms and the danger of insulin reactions 
with protamine zinc insulin, patients should not be dismissed from 
observation if the fasting urine contains no sugar unless the blood sugar 
has been deterrmned Another important factor to be borne m mind is 
the hypoglycemic effect of muscular exercise in the presence of prota- 
mine zinc insulin Most of the severe reactions which hat e been reported 
have follo\t ed undue exeraon It is therefore necessary^ to regulate the 
amount of physical activity and to administer carbohydrate before and 
after exercise to neutralize the depressing effect of exertion on the blood 
sugar Furthermore, there is experimental evidence to indicate that set ere 
prolonged hypoglycemia may produce permanent pathological changes 
in the central nervous system 

There is usually no difficulty in starting ambulatory^ patients on 
protamine zinc insulin but the transfer of patients long accustomed to 
regular insulin to protamine zinc insulin may be associated uith serious 
difficulties One of the few cases of coma that n e hat e seen during the 
past y^ear was precipitated by the abrupt transfer of a moderatelv set ere 
diabetic from regular to protamine zinc insulin \t ithout the use of supple- 
mentary^ doses of soluble insulin It does not seem that the difficulties 
encountered can be entirely explained by the fact that the full effect 
of protamine zinc insulin is available only after set enty-nt o hours In 
the light of my personal experience, I do not beliet e that a set ere diabetic 
should be transferred from regular to protamine zinc insulin without 
hospitalization 

In the preoperauve and postoperatn c care of surgical diabetics and 
in the treatment of diabetic acidosis and infections protmiinc zinc 


insulin has prosed of \aluc Protamine /me insulin can be guen with 
coniparame safety scscial hours before an operation for by the ume it 
becomes cffectis e the need for it \\ ill has c arisen One-half to tss o-thirds 
of the usual dose may be guen on the morning of the operation Any 
gh cosuna that miy deselop after the operation can be controlled bv 
icgular insulin 7 *hc daily use of protamine /me insulin, supplemented 
if necessary by regular insulin, can be continued during the postoperatme 
period until the patient is reads to lesumc his regular regime Protamine 
zinc insulin mas" also be used in the treatment of diabetic acidosis and 
coma The patient mas be gis cn i large dose of protamine zme insulin 
at the berrinmng of treatment and rcrrular insulin then administered for 
the next three or four houis as though the protamine zme insulin had not 
been gis cn Simihrls m infections the patient mas* be gis cn his usual 
maintenance dose of protamine /me insulin to be supplemented bs* regu- 
lar insulin as indicated bs’ fraction il urine specimens 

Other modified insulins has’c been suggested for the treatment of 
diabetes during the past tss o s cars It has been demonstrated that certain 
basic amines, histones and other substances m combination ssith zme ssill 
increase the cfFcctis cncss of insulin There is no doubt that the chemical 
and ph^ sical properties of insulin determine its physiological action In 
difficult eases neither unmodified nor protamine zme insulin completeb 
sols c our problem Perhaps after continued ms cstigation and experimen- 
tation modified insulins mas" be dcs eloped to solsm ans" diabetic problem 
Hosscs"cr, the so-called “tailor-made insulin” belongs to the future For 
the present ss c arc limited to regular and protamine zme insulin 

SUMM SRY 

At the end of tss o years, certain conclusions mas" be drassn as to the 
salue of protamine zme insulin Its prolonged action makes asailable a 
constant supply of insulin tiiroughout the das" and niglit Unfortunately, 
It IS not a substitute foi the normal pancreas as the insulin is liberated 
from Its subcutaneous depot at a constant rate rather than m response to 
the physiological demands of the bods" Protamine zme insulin has 
undoubtedly facilitated the treatment of the mild and moderately ses"ere 
diabetic pre\"iously controlled by thirty units or less of regular insulin 
It has not solved the problem of the severe diabetic Perhaps 25 per cent 
of these cases may be satisfactorily controlled with a single dose of pro- 
tamine zinc insulin Another 25 to 50 per cent may be controlled vith 
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the aid of supplenientar) doses of unmodified insulin In the rennining 
cases It has been possible to control the nocturnal glvcosuria but it has 
not been possible to keep the urine sugar-free during the da\ n ithout 
the precipitation of serious hvpogh cemic reactions UnfortunateK there 
are no criteria by u Inch one can predict u hich cases n ill respond satis- 
factorily to protamine zinc insulin 

A distinction must be made between postprandial and nocturnil 
glycosuria in that the latter is dein ed from stored glycogen and endoge- 
nous protein There is therefore reason to belies e that the gh cosurn after 
meals which is not associated with protein wastage or iceronuna is less 
harmful than that wdiich occurs in the inten als betw een periods of lern - 
ity of unmodified insulin It is our opinion that this demonstrated abiliti 
of protamine zinc insulin to preaent protein wastage and ketnnurn 
justifies Its use m seamre diabetics ea en if no more satisfactora control of 
the glycosuria can be attained than ba'’ repeated injections ot soluble 
insulin It aamuld be unfortunate if this aa ere interpreted to mean that 
control of glycosuria is no longer the essential aim of diabetic thenpa 
There is no doubt that the use of protamine insulin requires greater 
care on the part of both the physician and the patient The utmost care 
in the technique of administration and dietetic management w Inch bal- 
ances aa^ailable insulin avith aa^ailable glucose aa ill be nccessara if satis- 
factory results are to be obtained As other obsera ers haa c pointed out, 
protamine zinc insulin has improa’-ed but has not simplified the treatment 
of diabetes 
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\ kfru\, iciciilh ii(|inrut In tiu I il)r»r\ 
from the estate of the late Dr I^assrnson 
Broun fills I iraji on onr shiUis %\il\i out 
of the truh {rrt it uorks m the histor\ of 
mtihtint It IS nniu (issar\ to iK\iU at Uufrth 
on i hook so oftin dtsi nhcit and jiraiscd as 
tilt first rttord of tht iisi of inuiudiiitt 
])erenssion of the thcsl in diacrnosis,” I^copoUl 
VntnhriifriiLi s Itrinttiin uti'iuii tr p< mtt- 
tioiir tliorati^ hiiiiuiiit \unni, ITtil It 
IS with pri it satisfatlion tint wt luUl this 
to our toilet I ion 

Ont of tht most rare mil intt ri stinp worl s 
wliiih we hi\t tuquirid m some %tirs is an 
eirh English work trinslitid from tin 
Ertiith, the QuC'ttii(»i«rii of < \tfh 

the PorinitUiri/ of h/ldl Oui/do iii < i/riiro» 
'Lith the fourth hake of the tt ropi iiti/f i 
or methodo curoti/fe of Claude Oah/iii 
J ondon, Ij 4 I It niipcared in Ertiuli in IIH 
with the titlt, Qu( itiouuaire di'i < irun/irii' 
(t hnrlner'> aver le foriiiidniro du petit Guv- 
dun 'Ihc tc\t rehilts th it the Quryfinn- 
notre follows th it whitli tht m isttr surgeons 
ind h irhers of 'Mont]itllKr used in ttsling 
those heing e\aniintd in tin irt of surg< rt 
Puts of it stem to he <ihslr<uts of t\<irpls 
from the grc.it work on siirgcr\ of Gin di 
Chauli.ic It IS of ]i<ntuiilnr intcrisl as it 
demonstritcs the little Iviiowlcdgt nqiiirtd 
In i surireon in tht \enrs preceding the ad- 
tent of Put itli it IS the Fornndarv of 
Gin de Chaiilnu, oiiginalB puhlishtd in 
I atm with the title Chirurow puna in the 
kite fifteenth centiin Nitaise maintains that 
it IS tcr\ douhtful if this is the work of Gin 
de Chaulnit, hut some p<uts of it seem to he 
taken from Ins woik It is stiange that al- 
though the test of Gin de Chaulnu s siirgen 
w IS translated into English not long after 
it was written (as oui manuscript attests), 
let it was not puhlishtd m that l.inguagc, 
so that the onh jiimted English leision to 


hi ir till n line of th it great surgeon is tins 
little I onuuloru 

It nan he of mttresl to quote from the 
prtfmt to tilt loliime written hi Ilenri 
Copland, flu translator "Gentill reders in 
lonsidt ration that tieri sticnet, arte, anti 
faiulti tint art spuulate &. ])rnctisetl hi 
philosophers, not oneli ought to he shewed 
and taught unto sutlie is he present with 
till 111 in their d iit s, hut ilso for a perpetinll 
hintfiti to he sit forth hi wntingcn iiil- 
iririli m iitri tongue, for the more eredincs 
and 1 null lion of all longe mil preconiint 
)>r ii til 1 1 ns, as fame woldc attaine to the 
jurfiiims of lien suthe sticnce, arte, and 
fiuiilti ^ml not w itlistandince tliat there 
hi right in iin ind sonilri sortes, as well of 
iiri good iiul scitntikc hokes, as of right 
t\ptrt mill within this rt ilmt in the scicn- 
t\i ill aril of eiriirgtri \tiertliclcs this 
hltll qiu stiouari \ formiilari with the other 
hokes added therto hint hem often required 
and soiighli for, to he had m tnglisshc (as 
will of im iis of other) hi diiers and niani 
jitrsoius of the sank stiente V ccrtaioie 
longc giiitill man tiuired in the saide sci- 
tmt hni a hokt of the sinie in frenclie 
moiid the right honest persone Ilenri 
Dahht hihhojiolist stationer to Inie it 
Iranshilcd in to tiiglisshe At whose insti- 
gation meaningc the help of God (though 
moste riideli) wilti tin simplencc of a 
good Milling herlt I liaie enterprised to 
do it m foloii i ngc di reetli mi copi 

In the hislon of intditine feu figures are 
remembertd for more outstanding nchieie- 
ments than the Italian phisician, Slareello 
Mnljngtu, l(! 2 S-l(! 0 t, whose fame rests on 
laliiahle tontrilnitions to anatomi, hiologi) 
histoloiri , eiiibri ologi and phi siologi The 
Lihrari has now acquired his work on an- 
other subject m two handsome folio loliimcs 
}mhlished hi the lloial Societi of London, 
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entitled Anatomc plantarum Cut tubjungi- 
tiir appendix, iteratas c5 auctas ejutdem au- 
thoris De 010 incnbaio obierzationei con- 
Unens London, 1675-1G79, cont™ing 

nnn\ fidl-pngc engra%ed plites I can do no 
better than to quote from It G M tcCallum’s 
excellent article on ^Malpighi in the Johns 
Uoplms Hosp Bull, \iigiist, 1905 

“It nould be impossible to enter into 
tlic details of Malpighi’s enormous work 
winch concerns especialh phanerogams, 
but also some ptendophada, funai, galls, 
and parasitic plants Hooke had seen plxnt 
cells and regarded them as mereh caaities 
partitioned off from the general caaita 
Malpighi, howeier, made a distinction be- 
tw een cells and fibers and i essels M ith 
rare perspicaciti he saw that all plants are 
composed of a complex of sacs or i esitles 
which constitute the fundamental tissues, 
and these he called otricoli The generaliza- 
tion of this principle manifests the s\n- 
thetic power of Ins mind He had thus 
armed at the modern distinction between 
parenchjina and prosenchjina, further 
than which he could scarceh go without a 
knowledge of protoplasm and the possi- 
bilities in the modification of cells 

His recognition of the continuiti of 
leafstalks, branches, stem, and roots, and 
of the fact that the floral eni elopes and 
cotiledons are modified leaves brought 
him leri near to the ideas of M olff and 
Goethe that all the diverse plant products 
mav be traced from a few single tapes 
He described mmutelv with drawings of 
sections studied microscopicallv the wood 
and bark, the mediillarv ravs, the trachcid 
vessels, scalariform and pitted vessels, 
sclerenchvma and woodv fibers, the me- 
dulla, the nature of the annual rings, and 
so on, but erred in ascribing the origin of 
the w ood fibers to the bast Lrom w atching 
the growth of manv plants he concluded 
that there was an essential difference be- 
tween those which grew with one cotvledon 
onlj and those which started with two and 
thus divided as we now divide them, the 
phanerogamous plants Not onlv this but 
he recognized that there is a fundamental 
difference in the arrangement of the fibro- 
vastiilar bundles which corresponds with 
this division 


Most of his studies v ere, however, not 
merdv morphologic il but sought to ex- 
plain the phvsiologv and liws of develop- 
ment of plants "M ilpighi prohablv 

did not actuallv see the fertihzat on in the 
flower \evertlidess, his work on the 
developiiicnt of the ovum into the ‘^eed 
mil of the oiarv into the fruit and tl cn o* 
germination of the seed is da--sicil 

He recognized the need of air for plant', 
ind again v ith liis zoophv -"loln.ical ideas 
ascribed the function o' taming the air 
to the tracheids 

Of his Dc ozo tncubnlo, and his Dc fornw- 
tione ptilli n o^o Garrison siv- that the 
plates atiompinvmg it mike him tlie 
founder of descriptive or iconogriphic eiii- 
brvologv, suiqiassing all other conteniporarv 
workers on the siibiect in the arenrate nota- 
tion of sufh minutiae is the aortic ard ee, 
the held told, the neural groove, the ccrebril 
and optic vesidcs 

It mav be of interest to note that in vol I 
the letters are printed wludi passed hetv een 
Malpighi and Oldenburg of the Roval Societv 
in the rears 1671 to 1C75 See Birch s Ili^iorxj 
of the Royal Sociclu. vols II and III for 
reference^ to the correspondence which led 
to the publication of this work bv that So- 
cietv Ihe first mention appears on p I'd) 
of vol II as follows Mr Oldenburg pro- 
duced and read 1 letter of Signor Malpighi, 
d ited at Bologna ''ov 1, 1071, ns accorn- 
panving a manuscript cont lining an ab-tr ict 
of his observ itions and considerations of the 
structure of plants which, he 'aid, he in- 
tended to inlargc and to illustrate with fig- 
ures, if he should find, that the 'oeatv 
approved of his attempt On p 179 of 

vol HI it IS reported at the meeting of Jan 
21, 1675, that "Mr Oldenbiiri. produced the 
manuscript of the work it'clf with a letter 
from Malpighi of Vugusl 20 1674 On Tunc 
17, 1675, the Council met and ordered tint 
it be published Ihe license was granted on 
June 21 Ihe second volume which ipjicarcd 
in 1679, was presented to the Societv Dc- 
teinbcr 5 167S whereupon the bocit’v o~- 
dertd that it be printed 

G L \ 
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THE DIAGNOSTIC SIGNIFICANCE OF 
CHANGES IN THE RED CELLS* 

Russell L Hajden 

NORALA.L man always has about twent)’-fiv'e trillion red 
cells m the circulating blood The cells are remarkably 
uniform in size, shape, and hemoglobm content All the 
erythrocytes together make up the erj'thron, which is 
best thought of as a vessel holdmg hemoglobin Tlie er\'- 
thron normally varies httle in volume smce the number and size of the 
red cells and the total blood volume are quite constant The charactensac 
biconcave shape of the erythrocyte is a most efScient one because it 
combmes adequate capacity for contaimng hemoglobin with favorable 
conditions for the rapid diffusion of oxygen 

An adult male weighmg 150 pounds has (Fig i) 

1 A total blood volume of about 5 hters 

2 A total red cell mass or erj^thron of over 2 liters w hich holds about 
700 gm of hemoglobin 

3 Five million biconcave cells per c mm 

4 A mean red ceU volume of 90 cubic microns 

5 A mean cell hemoglobin content of 30 8 micromicrograms 

6 A mean cell hemoglobin concentranon of 34 2 per cent. 

• Deli\ered October 2S 193S in the Ele\c'"th A^r^l G* 2 d-a e Fc’^ 

From tbc Cle\ eland Clinic Ge^clard Ohio 
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THE NORMAL ERYTHRON. 


TOTAL BLOOD 
VOLUME 


PLASMA 

55 


RED CELLS 
45 ‘/o 


5000 cc. 



ERYTHRON 
25 TRILLION CELLS 
FILLED WITH 
HEMO&LOBIN 
(700 OMS) 


ERYTHROCVTE- 

UNIT OF THE 
ERVTHR.ON 


VOLUME 

90^1 


HEMOGLOBIN 
30 8 


DIAMETER 
77 ^ 


THICKNESS 
195 ^ 

2250 cc. 



ADULT MALE 

WT 75K6- (|65 lbs) 


Fig 1 — The normal erjlhron The erjthron is the total mass of red cells The 
unit of the erythron is the erythrocji:e 


7 A mean cell diameter of 7 7 microns 

8 A mean cell thickness of i 95 microns 

The cells normally m the circulation are mature as shown by the 
absence of nuclei and nuclear remains and by reticulation and basophilia 
in only a small percentage The erythrocyte may vary in total mass, 
number, size, shape, hemoglobm content, and maturity 

The sole purpose of the red cell is to transport oxygen which it is 
enabled to do by reason of its hemoglobin content Each cell is fully 
saturated or filled with hemoglobin and functions lilce a cup on an endless 
cham conveyor (Fig 2) The hemoglobm is constantly taking up oxygen 
m the lungs and constantly releasing it in the tissues The hemoglobin 
in the erythrocyte is really outside the blood plasma It thus exerts no 
osmotic pressure and so does not disturb the normal balance benveen 
tissue fluids and plasma 

The total red cell mass or erythron has received little attention 
Normally the total blood volume varies only in relation to body weight 
so the red cell mass calculated from the total blood volume and hemato- 
crit readmg is quite constant (males, 30 cc, females, 27 cc per kg). 
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THE FUNCTION OF THE RED CELL 

- — TISSUES— 

Oa 



LUNGS — ^ 

Fiff 2— Tlie red cell functions ns a cup on an endless 
chain con^e^or The cup (errthrocaTe) is normalh filled 
Mith hemoglobin which takes up oxagen in the lungs and 
gnes it up in the tissues 


With an anemia the hematocrit value decreases (Fig 3) vhde the total 
blood volume usually remains unchanged so the mass of er\'thron may- 
fall to a very low level The total blood volume is seldom significantly 
increased except in polycythemia vera where it is alv a\ s greater 
normal The hematocrit value is also constantly increased in this condi- 
tion, so the total red cell mass and the mass per kg arc ah\ a^ s arge 
have obsera^ed the volume of the en'thron as high as 8000 cc in polycy- 
themia vera and as low as 400 cc in aplasuc anemia (normal 2000-2500 
cc ) The determinaaon of the total red cell mass is of diagnosnc \ alue 
only in polycythemia vhere it helps greatly in differenuating poly- 
cythemia vera from the sy-mptomatic n'pe In s^•mptomatlc poh cx thcmia 
the amount per kg is not significantlv increased c^en vith a marked 
increase m red cells per c mm ^ 
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CC 

9000 



B PLftSMA 1 
•CELLS J 


TOTAL BLOOD VOLUME INC C 
CIRCULATING ERYTHRON IN CC 



NORMAL 

MAN 

77 Kg 


HYPOQIROMClSYMPTOMATiqPtWtTTMEMuJPOL'tCnilEWW 
ANEMIM i ANEMIA |POLYCTThtW»; VERA V-ERA I 

56 kg ]d'74Kg [d'74k9 !$46Kg jcf83Kg jtf 74K3K74Kg 


NORMAL 

WOMAN 


1 PERNIOQUS 
ANEMIA 


APLASTIC 

ANEMIA 


Fig 3 — The circulating er 3 'thron as determined fioni total blood volume and hemato- 
crit readings vanes greatly in the blood dvsciasias 


The erythrocyte, the unit of the erythron, is constantly changing 
New red cells are formed and old cells are disposed of at a rapid rate An 
erythrocyte lives only three to four weeks, so about a trillion cells are 
destroyed and replaced daily The stages through which every red cell 
must pass are summarized in Table I The bone marrow may be visualized 
as a grist mill (Fig 4) into the hoppers of which the materials to make 
new red cells are constantly being fed " A stream of new erythrocytes 
IS constantly pourmg into the curc^ation to replace the old cells removed 
by the spleen To make nev'’ cells, two specific substances, iron and the 
erythrocyte maturing factor (EMF) supplied by hver and liver substi- 
tutes, are necessary as well as the basic substances present in all cells 
The only recognizable remains of the red cells are bilirubm and iron 
which are formed as end-products of hemoglobin destruction Iron, the 
morgamc element necessary for the formation of hemoglobin, is the only 
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Table I 

LIFE HISTORY OF THE ERYTHROCYTE 
SUBSTANCES necessary for all cell life and growth 

ENDOTHELIAL CELL ^ MEGALOBLAST 

Factors necessarv for change unknown 


'l' 

MEGALOBLAST NORMOBLAST 


Erjthrocvte maturing factor (EMF) m 
luer and liier substitutes necessarv for 
change 

Some multiplication at megaloblast stage 

NORMOBLAST > RETICULOCYTE > M VTURE ER'i THROCYTE 


Multiplication most active at normoblast 
stage 

Iron necessary for normal division and 
growth of normoblast and formation of 
hemoglobin 


MATE RE ERlTHROCiTE 


BLOOD SIREVM 


Lives two to si\ weeks in circulation 


Dies bv fragmentation and is engulfed bv 
rcticulo endothelial cells largclv in tlie 
spleen 


V 

End prodinLs 




Iron 


/ 

/ 

Bilirubin 


NORMAL RED BLOOD CELL 


FORMATinM 


Protein 
Fat 

CarboFi/drau: 
Viiamins Iron 

riineral Salts 1 
Water J 


Erythrocyte 
Maturing 
Factor (fMf 
[titer PnntifiO 
Jr 




done Marrow 


. nwniL ttVlL . 


NORMAL ADULT i 

Red cells formed largely in ribs | 
skull and vertebrae 
Total normal volume of marrom 
IS 1400 cc Normal color IS greyish 
red 

For red cell formation non specific 
substances recessary for all cells 
are required as uicll as tuio specif 
ic substances iron and the erythro 
cyte matunng factor (EMF) 

One trillion cells and 25 gms N6 
formed each day 

Rate of formation measured by re 
ticulocute percentage in circulation 
Normal life of red cell about 30 days 


CIRCULATION 


Tuuenty five trillion red tells in blood 
stream Each cell dunng its life makes 
50000 to IQOOOO complete arturts from 
lungs to tissues Functions as conveyer 
for hemoglobin luhich carries oxygen 
from lungs to tissues 
Blood count represents balance bo 
tuieen red cell and hemoglobin [or 
motion and destruction 


JCream- 



EXAMPLE 

RBC 50 Million 

MB 1004 (i34qnis') 

Volume Inoexloo (so cubic micronsl 
Color Index I tio (sa irncroroicrogramj 
Saturation Index lOO (3477) 

Icterus Index 4G units 
Reticulocytes 05 107 


Eighty five percent of iron released returns to marrow to be used again 


DESTRUCTION 


Old red cells taken out by reticulo 
endothelial cells largely those of 
spleen 

1 trillion red cells destroyed each dag 
25 gms MB destroyed each day 
100 mg of iron released 
85 mg used again 
15 mg lost and repbeed by food 
500 cc bile formed and excreted ty 
the liver containing 300 to 400 mg 
of bite pigment 

Pate of Oestiution gauged by iron 
released and bile pigment formed 
Only clinical laboratory measure is 
icterus index or quantitative Van 
den Bergh 



Iron 


S/M P/gment 


Fig 4 — The physiology of the normal red cell A cell lites about thirty dajs so about 
one trillion cells and 25 grams of hemoglobin are destroted and formed etery day 


constituent known to be used over and over 

Certain laboratory studies are necessary to detect variations in the red 
cell These are relatively simple and can be carried out accurately (Fig 
5 ) The exact total red cell mass is calculated from the total blood volume 
and the hematocrit reading The total blood volume is normally so con- 
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MEASUREMENT OE THE RED CELL (Normol Man) 


RED CELL COUNT WITH 


HEMOGLOBIN WITH 


ICTERUS INDEX 
OF PLASMA 


PACKED RED CELLS — 






'‘Cue TiN^ 



— ^ 


5 0 MILLION 


'5 4 GRAMS 
Per 100 cc 


4-6 UNITS 


45 cc Per lOOcc. 


VOLUME INDEX FROM RED CEl^L {00 (tO !0) 

(Volume of Cell ^ A^lD HEMAiOeRlT READiHo 
Rela+ive to Normal) 

COLOR INDEX FROM RED CELL COUNi j qq f-r q |q) 

(■H?m3(obm S Cell AND HEMO&LOBIN READING 
Relatrve to Normal) 

MEAN DIAMETER WITH ^ -L . . MICRONS 


ERIOr'£T:iR 


RETICULOCYTE COUNT 
ON STAINED FILM 


0 5-15 % 



F,g 5--n,e of «» 

of the red cell is siinpl> clone 'Tf relcise of necc cells into the circuHtion 

tion and the reticuloccte count the rat 


stant that it seldom needs to be measured except m polycvthem.a In all 
cases the hematocm reading, the hemoglobm the red cell conn tl c 
bihrubm content of the plasma, and the percentage o reticu oci 
determmed Blood films are studred to detect quatetn c changes and o 
measunng the mean d.ameter of the crj-throcytes The techn.quc for such 
a blood study has been discussed fuHv clse^^ here ■' 
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The necessary determmauons are made as follows 

1 Red cell count done m the usual manner 

2 Hematocrit 1 ending m cubic centimeters obtained by centrifug- 
mg a measured amount of blood mixed with an isotomc coagulant 
From the red cell count and hematocrit readmg are figured 

a The mean cell volume in cubic microns 
b The volume index which records the mean cell volume relanve 
to normal 

3 Hemoglobin in grams From the red cell count and the hemo- 
globin are calculated 

a The mean cell hemoglobin content in rmcromicrograms 
b The coloi index, which records the mean cell hemoglobm 
relative to normal 

4 Ictems index as a measure of the bilirubin by comparing the color 
of the plasma with a standard soluuon of potassium bichromate 

5 Reticulocyte count on a film stamed with brilliant cresyl blue 

6 Mean cell diametei measured by a dilfracuon method 

7 Examination of a stained film for quahtative changes m cells 

In recording the volume and hemoglobin content of the mean cell, 
the volume mdex and color mdex which express the findings relative to 
normal are preferred The mean cell volume and mean cell hemoglobin 
are absolute figures but indicate nothing except in comparison vuth the 
normal This relation is shoAvn directly by the volume and color indices 

Instead of measuring the mean cell diameter only, a distribution curve 
(Price-Jones) which records the variation m diameter of cells may be 
deterrruned by measurmg the diameter of a large number (500 or more) 
of cells (Fig 6) This procedure is very time-consummg The volume 
of the cell is a much more sensitive mdicator of a change in size than is 
the diameter, however, since it records thickness as well as diameter A 
14 per cent mcrease m diameter corresponds to a 40 per cent increase 
in volume if the thickness is mcreased equally with the diameter In cer- 
tain instances the diameter may be mcreased even with a decrease m 
volume or decreased without a corresponding change in volume If the 
amsocytosis is marked, the base of the distribution cunm is wide but the 
type of distribution curve is of no special clinical significance Since the 
mean cell volume is so easily determined and is such a sensitive indicator 
of any change in cell size, we much prefer this to the distribution cim'e 
(Price-Jones) 
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Fig 6 — ^Distribution curves (Price-Jones) of the red celL These show the 
degree and anisocjtosis bj the spread of the curve as well as the mean 
diameter The change m volume is much greater than the change in diameter, 
how ev er 


The mean cell thickness may be important m relation to the diameter 
This IS calculated with the aid of a three-dimensional chart from the mean 
volume and the mean diameter 

After the exact state of the red cell is determined as outlined, what 
application is to be made of the data^ The first and most important use is 
to classify the anemias The only satisfactory laboratory classification is 
based on the size and hemoglobin content of the mean red cell On this 
basis there can be only six different types of anemia (Fig 7 ) They are 

1 Rloiniocytic and noiviochi oniic The mean cell has a normal 
volume and hemosflobin content Tolume index and color mdex, 
I 00 (± o 10) [Fig 7, i] 

2 Noiniocytic and hypochromic The mean cell has the normal 
volume but is incompletely filled m idi hemoglobin and so has less 
than the normal quota Volume index i 00 (= o 10) and color 
index, < I 00 [Fig 7, 2] 
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TYPES OF ANEMIA 


< -TISSUES 



I 2 3 4 5 6 

Normocylic Normocytic Microcytic Microcytic Macrocytic Macrocytic 

Normo Hypo Hypo Hypo Hyper- Hypo- 

chromic chromic chromic chromic chromic chromic 

Fig 7 — Ttpes of anemia represented as tarting kinds of endless-cliain 
cont e\ors 


3 Maa ocytic and hypei chi omtc The mean cell has a volume larger 
than normal and more than the normal amount of hemoglobin 
Volume and color index, > i 00 [Fig 7, 5] 

4 A'laci ocytic and nonnochi ovnc The mean cell is larger than 
normal but contains a normal amount of hemoglobin although 
the concentration is less than normal V olume mdex, > i 00, and 
color index i 00 (±0 10) [Fig 7, 6] 

5 Maci ocytic and hypochi omic The mean cell is larger than normal 
and contains less than the normal quota of hemoglobin Volume 
mdex, > I 00 and color index, < i 00 [Fig 7, 6] 

6 M1C1 ocytic and hypochi ovnc The mean cell is smaller than nor- 
mal and contains less than the normal amount of hemoglobin 
Volume and color index, < 1 00 [Fig 7, 3 and 4] 

An accurate study of the red cell also affords necessary information 
concermng the cause of an aneima An anemia is only a loss of balance 
between red cell formation and red cell destruction An ervThroc}Te 




The Diagnostic Significance of Changes in the Red Cells 3 o i 


T II 

CLINICAL CLASSIFIC VTION OF ANEMI A 

I Increased blood loss 

A Mechanical loss from hemorrhage 
B Accelerated red cell destruction b\ 

1 Hemohtic agents (as phenalhadrazine or bacterial toxin) 

2 Rapid red cell remo^al from an abnormalitj of cell shape (as congenital 
hemoUdic icterus), o\eracti\it\ of reticulo-endothelial sjstem, or defect m 
cell structure 

II Decreased blood formation 

A Quantitatn e decrease in red marrow from aplasia as in benzol poisoning, or 
crowding out of er^throgenic tissue as in leukemia or m\eloma 

B Quantitatne depression of marrow actnit} as bj mabgnanc\, h\’poraetabolism, 
chronic toxemia such as nephritis or cachexia 

C Qualitatue decrease in marrow activit\ from deficiency of specific substances 
necessary for normal marrow actiyity 

1 Deficiency in supply, absorption, or use of erythrocyte maturing factor (EMF) 
as in pernicious anemia or sprue 

2 Deficiency in supply, absorption, or use of iron as in chronic hemorrhage, 
dietary lack, and idiopathic hypochromic anemia 


count shows nothing but the relation benveen these two phases of the 
red cell In clinical hematology it is necessary to know the rate at m hich 
cells are being formed and destroyed and the basis for the loss of balance 
producmg an anemia or polycythemia A lack of cells and hemoglobm 
may be due either to an increased destruction or to a decreased formation 
of cells The most logical chnical classification of anemia is based on 
these two fundamental factors, increased red cell loss, and decreased red 
cell production A climcal classification of anemia based on this method 
of production is shown in Table II 

The number of red cells per c mm gives no clue concerning the rate 
of new cell formation or of loss of cells It does record the balance at the 
time the count is done The reticulocyte level show s the number of young 
cells in the circulation If there is an excessive number of reticulocytes, 
new cells are being released from the marrow in abnormally large num- 
bers since the reticulation persists in the cell after reaching the circulation 
for only a short time It is apparent that the marrow must be h\*peractive 
if many new cells are being released On the other hand if the reaculo- 
cytes are below normal in an anemia red cells are not being released from 
the marrow^ This may be due to hypoplasia or to underfunenon of the 
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.ANEMIA DUE TO INCREASED BLOOD LOSS, 
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Fig 8 — The anemias clue to increased blood loss If the blood loss is due to chronic 
hemoirhage, the icterus inde\ is low and the cells are small and deficient in hemoglobin, 
if due to increased hemoljsis, the cells tend to be larger, the reticulocide count is 
ele\ ated, and the icterus inde\ is higher 


ciency of hemoglobin there is a hypochromia or low concentration in 
the cell and if a low hemoglobin content continues the cell decreases 

O 

in size This microcytosis seems to be due to the fact that the sole function 
of the cell stroma is to hold hemoglobin If hemoglobin is lacking the cell 
becomes smaller since there is no use in having stroma if there is no 
hemoglobin to transport A hjFpochromia of the red cell as shov'^n by the 
low color indev or a microcytosis as shovni by the low volume index thus 
indicates a deficiency in iron 

The anemias due to decreased red cell formation are shovn m 
Fig 9 

Rarely both the erythrocyte maturing factor (EMF) and iron are 
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ANEMIA DUE TO DECREASED BLOOD FORMATION 
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Fig 9 — ^The anemias due to decreased blood formation If the decreased blood forma- 
tion IS quantitatiT e, the mean cell varies little from normal , if due to a deficiencv m 
building materials, the mean cell is small mth a lack of iron and large with a lack of 
the erj’throcyte maturing factor supplied bv the liicr 


deficient Since a lack of the erythrocyte maturing factor (EMF) pro- 
duces a macrocytosis and a lack of iron, a microcytosis, the algebraic 
sum of both deficiencies may result in a cell of normal size 

Wherever there is a disordered erjahropoiesis, the shape of the cell 
may be disturbed Thus in pernicious anemia due to a lack of erythrocyte 
maturing factor (EMF) or an iron deficienc}’- anemia the cells are not 
only small or large but may also be abnormal in shape Such a vananon 
or poikilocytosis has no significance except to indicate a marked disturb- 
ance in red cell formaaon 

The most interesung abnormahues in the shape of red cells are the 
congenital variations While the cell is normally a biconcai e disk, the 
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prevailing cell may be globe-, oval-, or sickle-shaped These shapes rep- 
resent congenital anatomic malformations similar to a steeple-skull, the 
absence of iris pigment, or a patent interventricular septum Such cells 
function just as efficiently as biconcave disks but are taken out of the 
circulation more rapidly than new cells can be formed, so, an anemia 
usually results 

The almost constant anemia of congenital hemolytic icterus is due 
to the characteristic globe cell or spherocyte This peculiarly shaped cell 
IS the congenital abnormality of the disease The shape of the cell may 
show all variations from the normal biconcave disk to a true sphere The 
fragility varies directly Math the degree of spherocytosis A red cell 
before hemolyzmg in a hypotonic salt solution assumes the spheroid form 
If the cell tends to be normally spheroid it is apparent that it is already 
on the \vay to hemolysis, so hemolysis becomes complete in a much less 
hypotonic solution of sodium chloride than Math cells of normal shape 
The spleen seems “tuned” to the normal cell, the biconcave disk When 
cells of an abnormal shape come to it, they are quickly filtered out 
Normally these are only the dismtegrating cells In sicklocytosis, ovalo- 
cytosis, or spherocytosis, the abnormally shaped cells are rapidly removed 
from the circulation just as old cells are The length of life of the ery- 
throcyte when the shape is abnormal may thus be only a few days as 
contrasted with the normal three to four M^eeks The anemia of con- 
gemtal hemolytic icterus thus results from the shape of the cells and not 
from the mcreased fragility The fragility may be correlated durecdy 
Math the degree of spherocytosis ^ 

Red cells may become larger from condmons other than a deficiency 
of the etythrocyte maturmg factor (EMF) although this is the most 
common cause Whth a marked reticulocytosis, the mean cell is nearly 
ahvays somewhat mcreased in volume because reticulocytes as young 
cells are larger than mature erythrocytes LikcMase in a true aplasuc 
anemia Mffiere the red ceU formation reverts to a primitive level, the 
mean volume increases It is not uncommon to find a macrocytosis in 
nutritional deficiency disease other than pernicious anemia Thus in sprue 
and pellagra the mean cell volume may be increased Here, however, this 
findmg may be due to a lack of etythrocyte maturing factor (EiMF) or 
some interference with its use 

In cirrhosis or other diseases of the liver, large red cells are frequendy 
present In cirrhosis there is usually a true macrocytosis as shown by an 
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increase m volume The determination of mean red cell volume may be 
a valuable measure of liver function It has not been proved whether 
this macrocytosis is due to a disturbance m storage of the erythrocyte 
maturing factor (EMF) and so an insufficient supply to the marrow or 
to the fact that the liver in some way enters into the utilization of the 
erythrocyte maturmg factor (EMF) There is also another characteristic 
change in red cells in relation to liver disease With simple obstructive 
jaundice the red cell almost always mcreases m diameter without chang- 
ing m volume Here the erythrocyte is a much flattened biconcave disk 
Such a cell is more resistant to hemolysis than is a normal cell and returns 
to normal shape when the biliary obstruction is relieved 

Small red cells or microcytosis may result from an exhausuon of the 
marrow from any cause Some microcytes are present in almost every 
type of serious anemia The most important cause for a microcytosis, 
however, is a defect in supply or utilization of non, so, less hemoglobin 
than normal is present With the deficient supply of hemoglobin there 
IS no need for stroma to contain it The total mass of stroma falls usually 
by decreasing the volume of the mean cell As a rule the number of cells 
per c mm changes little With a microcytosis there is almost always a 
lower concentration of hemoglobin in the red cells as the diminution in 
mass of stroma seldom equals the decrease in hemoglobin A hypochromia 
of the red cells is common even with an adequate supply of iron Many 
factors, such as mfecnon, toxemia, or hypometabohsm may prevent the 
proper utilization of iron by the marrow cells and so produce a hypo- 
chromia A hyperchromia in the sense of an increased concentration of 
hemoglobin per unit volume of cell is impossible smce stroma cannot be 
supersaturated If the cells are large, more than the normal quota can be 
carried in each cell due to the increase in volume of stroma 

Accurate data on the red cell also helps greatly in treating the 
anemias A macrocytosis usually mdicates a deficiency of the erythrocyte 
maturing factor supplied by hver In treatmg permcious anemia the 
primary indication is to supply the missing factor contmuously m 
adequate amount When adequately supplied, the macrocytosis of the 
red cells disappears as shovm by the return of the volume index to normal 
If a macrocytosis persists, the treatment is incomplete Mffien liver 
therapy is first instituted in an acave untreated case of pernicious anemia, 
there is a tremendous outpouring of reoculocytes or young cells which 
arc completed by supplying the erj’-tlirocytc maturing factor These are 
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Fig 10 — The red blood cell in pernicious anemia ^Mth adequate Iner therap\ The 
%olume index is high before treatment and returns to normal So long as the treatment 
IS adequate the \olume index remains normal 


usually larger than normal so the volume index may rise for a time vit 
the reticulocytosis The icterus index quickly falls shovnng that the 
are no longer dying abnormally in the marrow because they cannot 
completed Soon the red cell count, the hemoglobin, and the ^oum 
index return to normal (Fig lo) The purpose of treatment is 
them remain so Long before any clinical symptoms arise as a resu t o 
the disease, deficiency in the needed factor may be detected b} a ns 
the volume index 

The course of an iron deficiency anemia may also be followe y 
determining the volume index and color index The characteristic 
volume index and color index rise to normal if iron is adequately supp i 

and IS used by the marrow (Fig 1 1 ) 1 and 

Other qualitative changes in erythrocytes such as basoph la 
nucleation have httle significance These only indicate the marro^ 
tivity of which the most sensitive indicator is the number o reticu o 
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Fig 11 — The red blood cell in an iron deficiency anemia Here the mean ceU 
IS small as indicated by a loyr volume index and is deficient in hemoglobm 
(loyy color index) Witb adequate iron therapy, the volume and color indices 
gradually rise yyhile the red cell count changes little 

SUMMART 

In every blood dyscrasia an accurate study of the red cell is necessary^ 
This study should routinely include 

1 Red cell count 

2 Hemoglobin estimation 

3 Hematocrit reading 

4 Mean cell diameter 

5 Volume index as measure of mean cell volume 

6 Color index as a measure of mein cell hemoglobm content 

7 Stained film for reticulocvte count basophilia nucleation and 
abnormalities in shape 

8 Icterus index 
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Exceptionally we need also 

1 Total blood volume 

2 Total red cell mass 

3 Distribution curve (Price-Jones) of cell diameter 

4 Calculation of thickness 

An increase in red cell mass per kilogram of body weight occurs only 
m polycythemia vera, a decrease occurs in all anemias 

The red cell count and hemoglobin show only the balance betv een 
blood formation and destruction at the moment the test is made 

The icterus index measures the rate of hemoglobin destruction and 
thus indirectly of red cell loss 

The reticulocyte count measures the rate of release of red cells from 
the marrov'’, and thus indirectly records the activity of the marrow 

A deficiency of erytlirocyte maturing factor (EiMF) is shoum by a 
macrocytosis, a deficiency of iron is shown by a hypochromia or micro- 
cytosis 

The volume and hemoblogm content are the best indicators of (i) the 
lack of the specific maturing factor supplied by liver and by iron, and 
(z) the adequacy of supply of these factors in an anemia due to such a 
deficiency 
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POLYCYTHEMIA- 


Paxil Reznikoff 

Introduction and Cl -ossification 

•CYTHEMiA means an mcrease in red blood cells per umt 
volume of blood above a value which is considered nor- 
mal There are many causes for this state but whether the 
exact etiology is apparent in any given case or not, it is 
clear that the more knowledge we have about polycy- 
themia, the more probable it is that all polycythemic states are either 
secondary or overcompensatory mechamsms to some general or local 
physiological or pathological change, rather than primary conditions 
While many classifications of polycythemia exist, probably the 
simplest IS the division into two groups, suggested by Harrop and Win- 
trobe^— a mild type which might be called er}''throcytosis, similar to 
leukocytosis, and the pronounced state or erythremia, analogous to 
leukemia From a physiological viewpoint polycythemia may be (a) 
relative, as seen in conditions in which there is a loss of plasma, (b) 
transient, such as occurs after splemc contraction, and (c) absolute, when 
the total cell mass as well as the total blood volume shov s a sustained and 
pronounced mcrease 

Erythrocytosis need concern us httle in this discussion It is seen in 
a variety of conditions and circumstances, such as congenital heart dis- 
ease, mitral stenosis, pulmonary arteriosclerosis, at high altitudes, second- 
ary to the action of many chemicals, and after hemorrhage 

Erythremia,^ however, presents a distinct clinical picture and has 
been known by various names, as polycythemia x era, or pol\ cx themia 
rubra It is mstructix'^e m rexnexx''mg a disease to go back to original papers 
and see hoxv much progress has really been made since a pathological 
concept xvas first described In 1892 Vaquez^ definitelx* claimed that 
polycythemia xx as due to hyperactix’it)’’ of the hematopoietic organs, and 
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m 1903 Osler^ established all the cardinal evidences of this condmon- 
cyanosis, polycythemia, and splenomegaly It is also mteresung to note 
that of his own four patients, one was a Russian Jew and one a Turkish 
Jew In his 1908 paper® he suggested that anoxemia was the important 
pathological mechanism responsible for polyglobulism and menUoned 
the possibihues of x-ray therapy These ideas are probably the most 
important features of polycythemia as we know it today 

Etiology 

Many causes have been proposed to explain the etiology of erj'’- 
thremia That a familial or hereditary type exists is generally accepted 
The reports of Engelkmg® and of Spodaro and Forkner’^ give two excel- 
lent descripuons of this form An outstanding feature of the famihal, as 
contrasted with the ordinary type, is the fact that the individuals who 
have hereditary polycythemia rarely suffer from the severe symptoms of 
the disease While an endocrine factor has been suggested because of the 
erythrocytosis in cases of pituitary basophilism,® hyperthyroidism, and 
suprarenal tumors, in most of these latter conditions the increase in ery- 
throcytes rarely reaches the degree found in the ordmary type of poly- 
cythemia Occasionally splemc tuberculosis and thrombosis of the splenic 
vem may also be characterized by an elevated red cell count, but these 
conditions are rare A neoplastic conception of the cause of polycythemia 
IS not generally accepted because of the absence of abnormal cells and 
the lack of invasiveness A few reports® have been published of 
cerebral lesions mducmg erythremia, such as injury to the proximal part 
of the vegetative bram centers, or diseases like encephalitis Morns’^" 
conception that polycythemia is due to excess secretion of a gastric sub- 
stance, addisin, has not been verified by most workers 

This disease is most prevalent in males in middle or late life and there 
seems to be a preponderance among Jews bom m Eastern Europe This 
can be illustrated by a study of six mstitutions^® m which the incidence 
of er}Thremia in this group was about 48 per cent contrasted with less 
than ro per cent of general admissions Such a finding naturally suggested 
an analogy to thromboangntis obliterans and induced us to invesngate the 
blood vessels of the bone marrow It is important to make such studies on 
the bone marrow of subjects whose blood counts have approached nor- 
mal by therapy to avoid excessive congestion of the bone marrow vessels 
ivhich tends to make the vasculature scarce and, even in normal tissue. 



Folycytheima 



Ttg 2 — Artery \n periosteum of arteno*clerotic 
patient Magnified X 2S0 Fibrous tissue infil 
tnting musculans 


Fir 3 — \rterT m bene loa-TOw of a polv 
c> theme patient. Magnified x 110 Marked 
fibrosis of sjbintima ard adventitia. 
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RACIAL AND NATIONAL ORIGIN OF PV'IIENIS SUFFERING 
FROM POLYCYTHEMIA VERA 


Tfisttiutions ] 

Total 

No of 
patvcnts 
(poly o 
thcmia vera) 

PaUents of Jeunsh 
ortgtn born in 
eastern Europe 
(polycythemia vera) 

A. 

/ X 

No Per cent 

General admission of patient] 
of Jewish origin born tn 
eastern Europe 

Per cent 

Belle\ue Hospital 

28 

14 

50 

3 (sample jear) 

Cornell Clinic 

7 

4 

57 

12 (estimate) 

New Fork Hospital 

19 

12 

63 

9 (sample} ear) 

Presbjterian Hospital 

33 

13 

39 

15 (race not given, east- 
ern European birth) 

St Luke’s Hospital 

34. 

15 

44 

7 (race not given, east- 
ern European birth) 

New Ha^en Hospital 

13 

6 

46 

10 (estimate) 


134 

64 

GO 

9 (approximate) 


difficult to Visualize It is also essential to use a Masson triclirome stain to 
bring out the fibrous tissue adequately Under such conditions it was 
found that in polycythemia the capillaries are markedly thickened and 
that m most cases the arteries and arterioles shou'’ adventitial and sub- 
mtimal fibrosis What causes such lesions is not known but it is of interest 
that in one early case the bone marrou'’ showed inflammatory lesions 
along the course of the vessels These observations have led us to propose 
the theory that erythremia may be due to local anoxemia in the bone 
marrow itself, with overcompensation of erythrogenesis Since the lesion 
IS local, the failure to lower the blood count by subjecting a patient to 
oxygen therapy is easily understood "Whatever the cause of polycythe- 
mia, all tvorkers are agreed that the increase of erythrocytes m this condi- 
tion is not due to deci eased destruction or prolonged longevity of the red 
blood cells but is primarily dependent upon a heightened production 

Pathology 

At autopsy the vessels are found to be engorged, hemorrhages and 
thromboses are common, the spleen and liver are large and hyperemic, 
and sometimes cirrhosis is seen The marrow of the long bones is engorged 
and that of the short bones frequently is characterized by erythroblasto 
SIS and leukoblastosis Increase of megakaryocytes is usual 






Fig A — Arteriole in bone mnrrow of 
normal subject Magnified x 270 No 
fibrosis in ^\aU of vessel 


Fig 5 — Arteriole in bone marrow 
of pol>cythemic patient Magni 
fied X 540 Fibrous tissue infil 
tratmg entire ^all of vessel 



Fig 6 — Capillarj m bone ma^ro^\ of normal subject Magnified x 270 Thin \\all 
nuclei belljing into lumen 



Fig 7 — Caprlhn in bone marrou of poUcvthe'"ic patient Magnified x 2^0 
Marked thickening of wall Cross <cc lon oi markedl' thickened *mall captlla*^ 
in field 









Symptoms and Signs 


The symptoms and signs of polycythemia are too well-know to 
require detailed description The skm and mucous membranes show a 
cyanosis which is reddish blue, with dilated superficial vessels Bleeding 
IS not uncommon from the nose and gums, and these patients usually have 
bloodshot eyes Erythromelalgia and skm eruptions occur occasionally. 
Clubbed fingers are usually absent m true polycythemia, but are seen 
in the familial type and in erythrocytosis secondary to heart and lung 
lesions 


Cardiovascular changes are common, especially arteriosclerosis, 
thrombosis, varicosities, and phlebitis While true cardiac hypertrophy is 
rare, the x-ray picture usually shows some mcrease m heart size Cardiac 
decompensation is a late phenomenon Except for the Gaisbock type of 
polycythemia, which is really a nephrosclerosis, the blood pressure is 
only slightly elevated if at all 

Many of the symptoms of polycythemia are related to the nen^ous- 
system Usually patients complam of headache, dizzmess, and a sense of 
fullness of the head Paresthesias and pruritis are common Vascular 


accidents m the fundi may cause bhndness and the engorged tortuous 
vessels of the deeply colored retina explain the frequency of visual dis- 


turbances Many complications involvmg the nenmus system are due 
to the slowing of circulation of the cerebral vessels causing anoxemia 


While these occurrences may be transitory, actual thromboses and hem- 
orrhages of the cerebral vessels may produce serious accidents The 
average polycythemic patient is depressed and has a sluggish mentality 
However, these mdividuals frequently demonstrate a combinauon of 


mental activity and irritability'" which makes them exceedingly uncom- 
fortable household companions It must be remembered that even when 
therapy has brought the blood count to normal, these nen'ous phenom- 
ena may persist and suggest that some of the disturbances are really due 


to vascular changes rather than to a polycythemia itself 

Many patients complam of pain and fullness m the left upper quadrant 
due to splenic enlargement, and constipation and flatulence are common 
Gastrointestinal hemorrhages and thromboses produce a serious comph 
cation m erythremia Cirrhosis of the liver may occur in the course o 
polycythemia and this lesion is explained on the basis of long continue 
congestion One of the most interesting problems involving the 
intestinal tract is the relationship of erythrocytosis to duodenal ulcer 
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Many of these patients do not have hyperacidity and although throm- 
bosis of the vessels or erosion of distended vessels have been considered 
as causative factors, many workers now beheve that the mcrease of 
erythrocytes, which is usually moderate, in many cases of duodenal ulcer 
IS due to bone marrow overcompensation for low grade bleedmg 

About three-fourths of all polycythemic patients have splenomegaly 
This IS not present m the Gaisbock type The engorgement of the spleen 
may lead to infarcts and perisplemtis and cause severe pam 

Hirsch^® has found nodules by x-ray examination of the lungs which 
he thinks may be subpleural thrombi or small hemorrhages These 
disappear in about three weeks 

Laboratory Findings 

The hematopoietic system has received much attenaon in this dis- 
ease The average red blood cell count m untreated patients varies 
beuveen 8 and 1 2 million per c mm , and the hemoglobm, which is normal 
infunction, ranges between 1 8 and 24 gm per 100 cc of blood The cells 
are usually normocytic, occasionally microcytic Reticulocytes average 
between i and 2 per cent Polychromatophiha, basophihc stippling, and 
even nucleated red blood cells may be found but the factor of hemor- 
rhage or treatment by hemolytic agents must be considered when these 
immature forms are prevalent Leukocytosis, polynucleosis, mcrease m 
immature polymorphonuclear cells, and thrombocytosis are usual Ten- 
dency to hemorrhage is supposed to be due in part to poor clot retrac- 
tion because of increase in cellular mass and decrease in serum It is 
important, therefore, to undertake surgical procedures, such as dental 
extractions, with great care and to insist upon the hospitalization of the 
patient The \ iscosity of the blood may be five to eight tunes normal and 
the specific gravity varies between i 075 and i 080, compared to the 
normal of i 055 to i 065 The sedimentation rate is greatly retarded 
Haden^" has recently emphasized the importance of determining the 
total red blood cell mass in diagnosing polycythemia This is greatly 
increased since the total blood volume may be in some cases almost twice 
the normal, the hematocrit is markedly increased, and therefore the total 
cell mass may approach a three-fold rise 

Certain features concerning the hematological complications of poly- 
cythemia merit consideranon The relationship of this disease to leukemia 
has often been desenbed and in fact some behe\ e that there is a definite 
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disease entity known as erythroleukemia in which both diseases coexist 
Others thinlc that erythremia may terminate as a defimte leukemia and 
still another group does not accept these concepts but holds that early m 
leukemia there may be an irritation of the contiguous erythrogenous 
bone marroxv, giving an increase m red blood cell count Whatever the 
true explanation of so-called er^^throleukemia may be, it is not difficult 
to conceive of the contiguous irritation theory as one compatible xiith 
our knowledge of the bone marrow Certainly the leukogemc and throm- 
bocytogenic tissue shows evidence of somulation in most cases of poly- 
cythemia, and this should afford no more surprise than does leukocytosis 
and thrombocytosis followmg acute hemorrhage 

Some polycythemic patients finally develop anerma and others throm- 
bocytopenia with purpura An exhaustion hypothesis has been proposed 
to explam these phenomena and this also fits in with the theory of the end 
result of prolonged anoxemia However, it is important in such compli- 
cations to be sure that one is not dealing with the final picture of pro- 
longed depression therapy, either x-ray or chemical 

A few miscellaneous observations may be itemized The basal 
metabolic rate may be increased Whether this is due to increased forma- 
tion of red blood cells or an increase in uric acid is not known However, 

It IS interesting to note that gout has frequently been reported complicat- 
ing polycythemia The blood floxv is slow, the skin capillaries distended, , 
the respiratory minute volume is increased, and the vital capacity reduced 
Albuminuria is usually present 


Therapy 

It IS not possible to reviexv in detail all the methods which have been 
used to treat polycythemia Therefore, this paper xviU deal principally 
With the four types of therapy used most commonly venesection, acetvl- 
phenylhydrazine, urradianon, and Foxvler’s solution 

Venesection, removing 500 cc of blood as often as twice a xveek, has 
in Its favor the rapid amelioration of symptoms such as dizziness and 
headache Recent work has shown that such a procedure produces very 
little bone marroxv stimulation 

Acetylphenylhydrazme, in doses of o i gm daily or ever)^ other day, 
until the blood count begins to fall and thereafter a maintenance dose, 
IS xx^ell tolerated by most patients This drug is not only hemolync but 
apparently has some depressing action on the bone marroxv In using 
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Fig 8 



Fig 9 


Figs 8, 9— Course of poh ci-thcmia treated iMth \eneseclion, aceU]phen\l- 
Indrarine and irradiation 
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CASC^0 4eeesKtK 
RmaJMO CELLS •— * 
KCMOOJDBlN- O- 
ACETYLP^CWLHYORAHNE - mmm 
SPRAY X RAY T>CRAPT- P7-Viri 



Fig 10 — Course of polycj'themia treated Mith \enesection, acehlplienil- 
hydrazine and irradiation 


acetylphenylhydrazine it must be remembered that its action is cumula- 
tive and that patients vary markedly in their response to different doses 
The incidence of thrombosis during the course of acetylphenylhydrazine 
therapy is probably no greater than can be explained by the disease itself 

Irradiation of the marrow and of the spleen has been used MUth success 
but recently many workers have claimed excellent results with spray 
radiation^® Figs 8, 9, and 10 illustrate three cases in ivhich these pro- 
cedures Avere used 

Fowler’s solution, prescribed according to Forkner’s method,"^ is an 
effective drug in polycythemia and its successful use requires careful 
attention to detail 

Recently, normal propyl disulphide^^ has been suggested as a remedy 
m erythremia It apparently has a phenylhydrazme-like action but has 
the disadvantage of giving the patient an onion odor 

The effectiveness of gastric lavage has not been substantiated nor is 
it practical 

Polycythemic patients, if properly treated, may have a long hfe, if 
not a merry one It is important for the physician to pay attention to the 
emotional factors which may cause much unhappiness to the patient As 
a general rule it is wise to avoid putting polycythemic patients to bed, 
since some activity is desirable m a disease complicated by thrombosis 
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The diet should exclude condiments, too much roughage, alcohol, and 
foods and liquids which are very hot, as all of these may irritate the 
already congested gastromtestmal mucosa Above all, it is important to 
keep the patient’s blood count at a level which gives the greatest comfort 
and least complaint, rather than reach some arbitrary base line on a 
chart The physician must not treat a blood count but the entire patient 
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CHRONIC GASTRITIS" 

Rudolf Schindler 

THIS paper I shall confine myself strictly to the discussion 
of primary chrome nonspecific gastritis After death the 
gastric mucosa disintegrates so rapidly that usually post- 
mortem changes can only be recognized by gross and 
microscopic inspection Therefore, the diagnosis of 
cliromc gastritis was thoroughly discredited Only when it became pos- 
sible to observe the living gastric mucosa through the gastroscope was the 
frequency and importance of this disease rediscovered and described 
Even so, the anatomic foundation of chronic gastritis is uncertain We do 
not know verj^ well the histology of the normal stomach of the adult 
Material obtained at gastric resection does not give indisputable evidence 
of the preoperative condiuon of the stomach, as will be shovm later The 
normal gastric mucosa of the newborn is better knotvn, it differs from 
that of adults, and there has been the tendency to make the microscopic 
diagnosis of chronic gastritis in every adult because of this fact This is 
not permissible There certainly are findings which are the remnants of 
the frequent acute gastritides of childhood, there is the physiological 
response of the gastric mucosa to the daily irritation by coarse, hot or 
cold food These are the physiological changes the gastric mucosa under- 
goes If we should call them pathological, then no adult would have a 
normal gastric mucosa, and such a definition cannot be accepted 

However, changes are sometimes found which evidently are proof of 
a disease In the more severe cases we cannot doubt that a serious gastric 
disease is present There is atrophy, the glands have disappeared, there 
is mfiltration, and the epithelium has undergone a metaplasia into mtes- 
tmal epithelial type, many goblet cells are seen Such pronounced 
changes, however, are rarely seen histologically The pathologist is 
usually unable to decide whether a gastritis exists or not 

The gastroscopic picture of gastritis is more easily recognized, as I 
shall endeavor to show you Gastroscopic examination can be easily 
carried out repeatedly in healthy and in sick people If the proper tech- 

* Deh\ered January 5, 1939 at the Annual Meeting of The New York Academy of Medicine 
From the Department of Medicine, The Unuersitj of Chicago 
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nique is used, the patient does not experience any considerable discom- 
fort and, therefore, we are able to examine many patients once a week 
up to thirty, or even sixty-five, times Thus we can study normal and 
diseased stomachs at repeated examinations The picture obtained by our 
modern, flexible, safe gastroscope is brilliant and sharp It permits the 
visualization of much finer detail than even the inspection of the gross 
specimen It is always amazing to see how difficult it is to find a small 
ulceration in the gross specimen, a lesion seen so readily at gastroscopy 
This difference is due to the blood circulating at gastroscopy, absent m 
the gross specimen 

My conclusions regarding the gastroscopic appearance of the normal 
stomach were based on a study of healthy people of all age groups ^ The 
gastric mucosa of the healthy adult looks smooth, and at the ridge of the 
folds, glistemng, sdk-like, it contams high-lights, its color is a uniform 
orange-red It should be emphasized that older people also, up to stxty 
or sixty-five years of age, show the same picture, and we should dismiss 
the idea that at this age atrophic processes are frequent 

If we examine gastroscopicaUy patients suffering from abdominal 
distress we often find pictures which differ from those found m healthy 
people In almost 50 per cent of these patients we find diffuse alterations 
The mucosa may show red patches and layers of adherent, glar)>-, grayish 
mucus Such red patches have been described by Beaumont in his famous 
observations made at the gastric fistula of his sen'^ant, Alexis St Martin, 
and It IS interesting to note that all the changes obsen^ed so beautifully 
by Beaumont and disregarded so entirely for a hundred years, now are 
rediscovered at the gastroscopic examination Sometimes the secretion 
may even be purulent Histologic checks are rare However, I obtained 
the unique microscopic picture of a very outspoken superficial gastritis 
observed gastroscopicaUy At a laparatomy a biopsy was taken without 
the use of any clamps, microscopic sections revealed tremendous super- 
ficial infiltration by plasma cells 

If tv^e M'atch the course of this type of gastritis, which I have called 
“chronic superficial gastritis,” over a period of months or years, tv o 
different t^’^pes of the course are observed Either the changes disappear, 
the patient becoming entirely healthy, or chronic atrophic gastritis 
develops In some areas of the stomach the signs of superficial gastritis 
are still seen, in adjacent portions, hov ever, the mucosa becomes thin, 
mottled, grayish or greenish-gray in color Atrophy may be patchy, or 
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Fig I, a and b 

OastroicopiG (a) and microscopic (b) 
picture of the normal gastric mucosa 
Gastroscopically the normal mucosa 
IS smooth, silk-like View of antrum, 
angulus and pjlorus — ^The microscopic 
section demonstrates the mucosa of 
the bod}^ of the stomach Onlj few 
interstitial cells are seen 



Fig 1 b 


more diffuse, or complete Blood vessels, always absent m the normal 
mucosa, are seen Here the question comes up whether such a condition 
may still be called inflammation, or do we have to deal with a merely 
degenerative process However, this atrophy so often develops from an 
inflammation We do not know if there are cases at all without preceding 
inflammation, nor do we know whether the inflammatory process is 
entirely gone In cases of deficiency states, as in pernicious anemia, t e 
first thing we can see gastroscopically is superficial gastritis Brown as 




Chi omc Gastritis 


325 


seen definite inflammatory changes histologically m pernicious anemia, 
Jones and Benedict" observed hypertrophic changes in this disease gas- 
troscopically For these reasons it seems correct, in the light of our 
present knowledge, to call this disease an inflammation Atrophic gastrins 
may develop within a few months, but then it remains stationary Jones 
and Benedict were the first to show that in pernicious anemia followmg 
liver therapy, the atrophic gastric mucosa may regain its normal appear- 
ance This observ^anon has been corroborated since, and thus we know 
that atrophic gastrins is not unchangeable 

There is still a third gastroscopic picture of diffuse inflammation of 
the stomach which we call hypertrophic gastrins The gastric mucosa 
looks swollen, velvety, dull, the high-lights are reduced, nodules and 
veirucae are seen The folds sometimes look segmented, like a cater- 
pillar Mucosal hemorrhages are often present If we have the occasion 
to exarmne such a mucosa microscopically, we find prohferanon of the 
surface epithelium and of the glandular apparatus, with tremendous 
infiltranon and enlargement of the lymph follicles The prohferanon may 
become fan-like or finger-hke Not infrequently superficial ulcerauons 
are observed These superficial inflammatory ulcerauons never develop 
into true chronic gastric ulcer The site of predilection of the gastnnc 
changes is the body of the stomach, however, antrum gastrins occurs also, 
although ulcerative antrum gastrins is very rare 

What are the clinical aspects of chronic gastrins^ How frequent is 
this disease’ AVhat is its enology, its symptomatology, its diagnosis, its 
therapy’ What is its relation to other diseases’ European workers have 
called chronic gastritis one of the “central problems” of internal medi- 
cine, and from the observation of over 1,500 cases, I am inclined to agree 

In a statistical suiv’ey of gastric diseases as observed gastroscopically 
in 1,000 pauents in the United States and in 255 panents in Germany, 
v e found the incidence of chronic gastrins to be 41 8 and 45 o per cent 
respectively ^ For the clinical analysis all cases combmed with some other 
disease had to be discarded Even so, much care is needed to avoid faulty 
conclusions I will tr}’- to summarize briefly the results of our analyncal 
efforts 

The etiolog}^ of chronic non-specific gastrins is pracncally unknown 
Most IS speculauon Ver}" fen facts are proved It seems to be certain 
that acute gastrins may develop into chronic superficial gastrins and 
finally into chronic atrophic gastnns Chrome superficial gastrins is 
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Fig 2, a and b 

Oaftro'icopic (a) and micro’icojnc (b) 
picUire of chrome superficial gastritis 
Gastroscopicalh red patches and hj- 
ers of purulent secretion are seen 
Microscopically there is tremendous 
infiltration with plasma cells onlv m 
the upper la\ers of the mucosa he- 
t\\ een the crj'pts and the necks of tlie 
gastric glands, one small erosion is 
seen 



Fig 2 b 


frequently found together with infection of the sinuses and of the ton- 
sils, or with chronic infectious diseases such as tuberculosis of the lungs 
Alcohol does not play any role in my experience However, it seems that 
the habitual use of hard liquor may lead to hypertrophic gastritis All 
observers agree that nicotine may play an important role Gastric reten- 
tion, as found in pyloric obstruction, may lead to chronic gastrius The 
continuous reflux of intestinal juice, as found sometimes in stomachs 
after operation, may produce a very severe form of gastritis Since this 
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IS a secondary form, it must be omitted from this discussion Superficial 
and later atrophic gastritis may be found as a result of high voltage x-ray- 
therapy of the stomach That atrophic gastritis occurs m various defi- 
ciency states, as in permcious anemia, is well known With these few 
statements our positive knou ledge of the etiology^ is almost exhausted 
It seems that bacteriological factors play a minor role as compared with 
mechamcal and chemical factors 

When we analyze the symptoms of an anatomical disease, we hope 
to find complaints so characteristic as to permit immediate diagnosis ^ 
Attempts made by all gastroscopists in this direction have been so far 
without result Neither case history nor physical examination, nor labora- 
tory, nor Roentgen findings permit the diagnosis, although a few symp- 
toms, especially m atrophic gastritis, are suggestive In superficial gastritis 
the patients complain of epigastric pain, either of the delayed type or 
coming immediately after meals Indefinite pressure, heavy feeling, full- 
ness, belching, disagreeable taste in the mouth, nausea and vominng are 
often present At the physical examination sometimes, though unfortu- 
nately rarely, a sign is found which, m my opmion, is entirely character- 
istic However, my description,® pubhshed in 1926, has never been con- 
firmed There is sometimes a tender zone to the left of the navel, which 
when checked fluoroscopically corresponds exactly with the silhouette 
of the stomach, and therefore cannot be mistaken for left-sided Head 
zones of the pancreas or the left kidney, and certainly not for a tender 
colon The roentgenologic statement of a tenderness of the gastric sil- 
houette IS the only contribuaon x-ray can make in this diagnosis State- 
ment of the thickness of the folds, as seen in the x-ray relief pictures, is 
not diagnostic Laboratory findings in superficial gastritis are inconclu- 
sive Histamme proved anacidity may be found as well as hyperacidity 
Occult blood may be found sometimes in the stools Someumes the 
aldehyde reaction in the urine is strongly positive, indicating participa- 
tion of the liver 

If the superficial mflammation leads to atrophy the clmical picture 
changes The gastric symptoms become less marked, general symptoms 
being in the foreground of the clmical picture, so that these patients are 
always treated as psychoneurotics "Weakness and nenmusness come in 
spells The reason for this is unknown Two physicians, both suffering 
from a severe gastric atrophy, told me that during such an attack, which 
may last several months, they are mcapacitated A'N’hen Dr Murphy of 
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Fig 3, a and b 

Gastroscopic (a) and microscopic (b) 
picture of chronic atrophic qastritis 
Gastroscopically tlie mucosa is thinned 
so that the net of the submucosal 
blood \essels becomes Msible Jlicro- 
scopicalh the mucosa is thin, the 
glands lia\e disappeared, tlie epithelial 
ta^ie has changed, man\ goblet cells 
arc present 



Fig 3 b 


Buffalo analyzed with me the records of forty-two patients suffering 
from uncomplicated atrophic gastritis, the question came up whether or 
not these general symptoms would be found also in other abdominal 
diseases A subsequent analysis of a great number of cases of hypertrophic 
gastritis, ulcer, cholecystopathy, and similar conditions showed that only 
m permcious anemia similar symptoms were found, so that the syndrome 
of epigastric pain, nausea, poor appetite, attacks of weakness and nenmus- 
ness IS highly sugg^^stive of atrophic gastritis, especially if additional 
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complaints of sore tongue and numbness or tmglmg m the limbs are 
present I believe that chronic atrophic gastrins is a very serious disease 
It may mcapacitate its bearer and, smee it may be the precursor of gastric 
carcinoma, as will be shown later, it must be considered and treated as a 
major disease Laboratory findmgs are of minor importance Anacidity 
was found m fourteen out of forty-two cases, two-thirds of the paoents 
did not have anacidity Occult blood is found sometimes, and m three 
cases gross gastric hemorrhage was noted, evidently caused by a small 
inflammatory erosion Benign obstrucoon of the pylorus may occur 

Chrome hypertrophic gastrins is also a severe disease Its symptoms 
are gasnne symptoms highly suggesnve of ulcer ® Night pain and delayed 
pain are frequent, but this pam often lasts only a few days, then the 
panent feels entirely well again, he quickly learns, however, that he must 
be careful with his diet to avoid a relapse Gastroscopically one may see 
during an attack the gastric mucosa swollen with many scattered shallow 
gray erosions A few days later aU these erosions are gone but stfll some 
hypertrophic areas are seen Complete cure seems to be rare Gross 
hemorrhage as a complicanon has been observed by all gastroscopists 
Fatal outcome is not rare In some cases x-ray exammaoon gives the 
picture of the so-called “cob-com” or granulanon rehef picture We 
found It in Chicago only twice in 300 cases Flakes of mucus or remnants 
of food may simulate this picture of dark round holes We have never 
succeeded in demonstratmg by x-ray the defimte localized alterations of 
the mucosa seen gastroscopically, such as single stiff folds or circum- 
scribed node-formation 

We have seen that, with the exception of a few cases, gastroscopy is 
the sovereign diagnostic method for chrome gastrins Difiiculoes in the 
gastroscopic diagnosis of chrome gastrins, however, may be experienced 
also, especially m diffusely mfiltranng forms, and the expert may face 
insurmountable difficulnes These cases, though rare, are important In 
a thirty-five year old male the x-ray picture suggested caremoma of the 
antrum, the gastroscopic picture was mterpreted to be that of an ulcera- 
nve antrum gastrins Through two years the picture remained essennaUy 
the same Granular thickened mucosa with many ulceranons was 
observed Fmally, rather suddenly, atrophy of the antrum mucosa devel- 
oped One month later the panent developed fever and a retropentoneal 
tumor At operanon a Hodgkm tumor ■« as found, a biopsy was taken 
and a biopsy of the antrum m as made The excised stomach v all showed 
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Fig 4, a and b 

Gaitro'fcopic (a) and nncroscopic (b) 
picture of chrome hypertrophic gas- 
tritis Gastroscopicalh the mucosa is 
irregular Mitli “cobblestone forma- 
tion” jMicroscopicalh tremendous pro- 
liferation uitli edema and infiltration 
IS seen 



Fig 4 b 


the typical picture of atrophic gastritis as observed gastroscopicallv, but 
not the least sign of Hodgkin lymphogranuloma In the case of a thirty- 
seven year old woman with anemia, x-ray suggested polyposis She had 
been treated for a severe protem-deficiency state One year later slight 
epigastric distress with vomiting developed The gastroscopic picture was 
difficult to interpret, all types of diffuse infiltrations v'ere considere 
Pyloric obstruction led to immediate surgery, and in this case seiere 
ulcerative antrum gastritis was present The gross specimen sio\ 
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ulcers and inflammatory nodes The microscopic section through the 
largest ulcer showed that it did not penetrate the muscularis mucosae 
Cystic atrophic hyperplastic gastritis was seen A section through the 
nodes revealed the inflammatory character 

Recently we obsen'^ed three cases of tumor causing gastritis I shall 
describe only one of them A tumor was diagnosed by x-ray, gastro- 
scopically an extensive hypertrophic gastritis had been diagnosed and 
a bulging m of the lesser curvature had been interpreted correctly as 
an inflammatory tumor Laparotomy revealed unusual inflammatory 
changes of the entire interior of the stomach and of almost the entire 
small intestine as well The folds reached a height of 2 to 3 inches A 
biopsy was made Microscopically a tremendous proliferation of the 
mucosa was observed, with edema, hemorrhage and mfiltranon by plasma 
cells, leukocytes, and eosinophils The last case of this series of difficult 
gastroscopic diagnoses shows that the microscopic difficulties may not 
be less outspoken In a sixty-three year old man, complaining of rela- 
tively mild epigastric distress with moderate weight loss, clinical, labora- 
tory and x-ray examination revealed nothing Gastroscopy showed 
tremendous bleeding, nodular infiltration of the entire posterior wall 
with many small ulcerations and atrophic areas The diagnosis of a diffuse 
infiltrative lesion was made and laparotomy was advised The surgeon 
was unable to feel anything pathological in the stomach, however, he 
made a biopsy, and microscopically a most unusual section v as obtained 
There was no unity among the pathologists in the interpretation of this 
section The majority made the diagnosis of lymphoblastoma, but the 
diagnosis of an unusual form of chronic atrophic gastritis has also been 
made This unique case must be v atched carefully 

The therapy of chronic gastritis, as derived from gastroscopic obser- 
vation, will be discussed very briefly The variations in the picture of 
such a multicolor disease, of eminently chronic course w ith many spon- 
taneous remissions, render the judgment of the effect of any type of 
therapy vcty difficult In all its forms chronic gastritis should be con- 
sidered and treated as an important disease Possible etiologic factors, 
such as infected tonsils, sinusitis, alcoholism, nicotine, should be elimi- 
nated A bland diet is alvays advisable The mechanical vork of the 
inflamed mucosa should be reduced as much as possible Raw cellulose 
should be eliminated, spices should be a\oidcd in the superficial and 
h}’pcrtrophic forms, but are sometimes rccommendable in atrophic forms 
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Fig 5 a 


Fig 5, a and b 

Qastroscopic (a) and micro'fcopic (b) 
picture of a rare case of "lympho- 
blastonnc gastritis” These severe 
changes vvere found neither b^ most 
refined •s.-raj' relief studies, nor pal- 
pated at surgical interference, hut 
onlv at gastroscopic and microscopic 
examination Gastroscopicallv infiltra- 
tion with erosions and bleeding is 
seen Microscopically the mucosa is 
destroj'ed bv 1 dense infiltration of 
hTTiphocj'tes 



Fig 5 b 


Frequent small meals may be given If ulcerations are seen, one siou 
msist on rest in bed for a few days with hot applications Longer r 
bed may be ne^'^essar)^ after a gross hemorrhage In my opinion, £,< 
lavage IS ofte very useful in superficial gastritis Lavage is ess ^ a 
m the other f f onus AlUbs may be agreeable in some cases of 
gastritis In al Sophie gastritis hydrochloric acid and charcoa som 
are appreciatf L In cases of atrophy m which deficiency states y 
suspecL, hvr er may be tried, iron or vitamins, especially niconmc 
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Three of our patients with atrophic gastritis responded definitely to hver 
injections by regeneration of the gastric mucosa High voltage x-ray 
therapy was tried first in a case of ulcerative hypertrophic gastritis 
observed over a period of ten years The success was amazing, but one 
year later severe atrophy developed as a late effect of the irradiation 
Newer observaaons confirmed the effectiveness of this type of therapy, 
however, the end results are still unknown Surgical treatment, in my 
opimon, IS justified only m the rare cases of gastritic pylonc obstrucaon 
Gastritic gross hemorrhage is a defimte contraindication to gastric 
surgery 

I come to the last chapter, to the complications and sequelae of 
chronic gastritis The activity of the bowels is not impaired in uncomph- 
cated gastritis If diarrhea is noted, inflammation of the mtestme may be 
assumed The Argentine workers, Royer, Bur, and Montejano,® found 
(gastroscopically) gastritis m one-third of their cohos cases In a case 
diagnosed clmicaUy as Crohn’s disease, I found (gastroscopically) severe 
hemorrhagic ulcerative gastrios Chrome cholangitis together with 
chronic gastrios has been found frequently In such cases the aldehyde 
reacoon usually is strongly posiove The lesion may be an ascending or 
a descending one The latter type with fatal outcome was observed once 
by myself 

The close relation of gastric atrophy to permcious anemia is well 
known Knud Faber,® Hurst^® and others beheved that chrome gastrios 
is the primary disease destroymg the funcoon of the pyloric Brunner 
glands, a possible source of Casde’s^^ anoanemic factor Chester Jones, 
Benedict and Hampton® were the first to observe that hver therapy leads 
to regeneraoon of the gastric mucosa This observaoon, confirmed by 
Chevallier and Moutier^® and Lehmann,^® speaks, m my opimon, against 
the correctness of the mentioned theory Gastroscopic obsen’^aoons m 
twenty-three cases of pernicious anemia^^ led to the conclusion that there 
must be a primary dysfunction of those cells v hich produce the ana- 
anemic factor, and a secondary degeneranon of the gastric surface 
epithelium with following genume inflammaaon 

Konjetzny,^® whose extensive surgical and histological work is of the 
utmost importance, has contended that chrome gasaoduodenal ulcer 
develops from chronic gastrins, and m reahty is a gastriac ulceraaon 
This gastriuc theorj’- of gastric ulcer is widely accepted m Europe 
Konjetzny described a macroscopically visible ulceraave antrum gastrios 
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in 50 per cent of all cases of duodenal ulcer he operated upon, and 
microscopically visible changes in all cases In American hospitals these 
changes were not observed, and Walters and Sebening^® therefore as- 
sumed geographical differences Our gastroscopic observations have 
failed entirely to confirm Konjetzny’s statements Gastritic ulcerations 
have not developed into gastric ulcer, and ulcerative antrum gastritis has 
not been found in cases of ulcer The relation of gastritis to gastric ulcer 
as noted in mnety-one cases of gastric ulcer has been studied by Dr 
Baxmeier of Pittsburgh and myself Our findings did not support the 
gastritis theory In 47 per cent of all ulcer cases, no inflammation was 
found We therefore had the idea that differences in surgical technique 
may be responsible for this discrepancy Gastric resections and other 
gastric operations were carried out m twenty-two dogs by Dr H 
Necheles, Dr R Gold and myself^® wuth the following results If a 
simple resection is made, the resected specimen does not show any 
pathology If we filled the dog’s stomach ivith N/io hydrochloric acid 
and quickly excised it two hours later, we again found a normal mucosa 
But if we filled the stomach with hydrochloric acid of the same concen- 
tration and made a resection, a severe ulcerative hemorrhagic antrum 
gastritis vms seen, sometimes proceeding to extensive destruction of the 
mucosa If we ligated the arterial blood supply of the left side of the 
stomach and then cut the stomach out, nothing was seen, but if the 
operation was performed and hydrochloric acid was used, ulcerative 
gastritis exactly corresponding xvith Konjetzny’s pictures^®^ w^as found 
only in the areas without blood supply, sharply demarcated from the 
other side of the gastric wall Microscopically w'^e see that the vicinity of 
the ulcerations is full of plasma cells, an astonishingly rapid inflammator)'' 
tissue reaction, which is entirely absent at some distance from the ulcer 
These experiments seem to support our gastroscopic observations and 
to prove that chronic gastritis and gastric ulcer are ttvo different diseases 
Fortunately we are able to support fully Konjetzny’s ideas^'’ about 
the origin of gastric carcinoma Rarely, if ever, carcinoma develops in 
a normal gastric mucosa Gastroscopically, as well as microscopically, 
carcinoma develops in an inflamed mucosa, sometimes in several places, 
multicentrically Gastroscopic obsenmuon and chmcal check prove that 
frequently atrophic gastritis is a definite forerunner of gastric carcinoma, 
a precancerous condition ^ I myself, in 1933, suggested periodical x-ray 
and gastroscopic examinations of patients suffering from atrophic gastritis 
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as the most important weapon m the fight against the most frequent 
carcinoma Minimal gastric carcinomas cannot be found otherwise than 
incidentally, and they will be found mcidentally if we decide to carry 
out periodic x-ray and gastroscopic examinaaons in panents suffering 
from atrophic gastritis The last three case reports will confirm this 
statement 

A fifty-seven year old patient suffered for more than one year from 
mild epigastric distress In the last few months he had some loss of weight 
X-ray revealed a prepyloric ulcer Because of the long case-history, the 
presence of hydrochloric acid and good response to ulcer therapy, the 
ulcer was considered to be bemgn The gastroscopic picture, however, 
was that of an extremely small pyloric carcinoma Atrophic gastritis was 
found around the lesion After resection, grossly, no signs of malignancy 
were discovered, but, microscopically, in full accord with the gastro- 
scopic picture, a mimmal carcinoma was found Its width was 8 mm , 
the depth o 5 mm to 2 mm It is unbelievable that this small carcinoma 
could have produced symptoms of one year’s duration These symptoms 
probably were due to the existing atrophic gastritis which also was found 
microscopically, and probably the discovery of the mimmal carcinoma 
was incidental and due to the careful x-ray and especially due to the 
gastroscopic examination 

A fifty-four year old surgeon suffered for more than ten years from 
epigastric distress Severe purulent cholangitis was found at a cholecyst- 
ectomy, but the distress was not relieved The patient developed a 
histamine proved anacidity, and in the last eight years had terrible attacks 
of anorexia, weakness and exhaustion Mhthin the last three years a filling 
defect of the greater curvature developed This was thought due to 
spasm The defect grew slowly, and when the patient finally submitted 
himself to the gastroscopic examination, a polypoid tumor was found to 
he m an entirely atrophic mucosa This diagnosis would have been 
possible two years earlier by gastroscopy However, the patient recov- 
ered after resection A microscopic section through the edge of the tumor 
showed the mucosa to be completely atrophic, and the transformation 
of the atrophic mucosa into tumor tissue was obsen ed It is a rv'^pical case 
chronic cholangitis, severe chronic atrophic gastritis of ten years dura- 
tion, slow development of a carcinoma which by periodic gastroscopic 
examination wmuld have been discoa cred at least tw o years earlier 

The last case shows that such incidental diagnoses are possible in 
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reality A fifty-nine year old man suffered from pernicious anemia and 
combined cord degeneration Our roentgenologists were unable to find 
any pathologic change Only for the sake of completeness, gastroscopy 
was undertaken In the antrum atrophic gastrins was seen, but in the 
midpordon of the stomach toward the greater cun>-ature the ulcerated 
wall of a small gastric carcinoma appeared X-ray examination repeated 
with compression and rehef films was negative, but at operation a very 
small adenocarcinoma was excised 

Knowledge of chrome gastrins is of outstanding importance m our 
fight against gastric cancer The followmg points are the obvious results 
of these observanons i Superficial gastrins should be prevented from 
turnmg into atrophic gastrins by thorough treatment Therefore it must 
be diagnosed gastroscopically 2 Atrophic gastritis, the precancerous 
condmon, should be diagnosed This is also possible only gastroscopic- 
ally 3 If atrophic gastrins has been diagnosed, the panent should be 
observed, but naturally not told the reason for this observanon Every 
six months x-ray and gastroscopic examinanon should be undertaken 
With such a program we may hope to discover carcinomas of minimal 
size and to brmg about cures in a percentage of cases not dreamed of until 
now, as shown by the presentation of the last three cases Chronic 
gastritis— a severe disease in itself— derives its most outstanding signifi- 
cance because of its role in the fight against gastric carcinoma 
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MODERN TREATMENT OF SCHIZOPHRENIA^ 

Karl M Bowman 


DISCUSSING the modern treatment of schizophrenia, I as- 
sume that this audience is composed mainly of physicians 
who are not psychiatrists and who are not experienced in 
the newer methods of treatment of this disorder I shall 
therefore present briefly certain data concerning schizo- 
phrema, its mcidence, symptomatology and some of the theories as to its 
causation together with past methods of treatment Following this, I shall 
discuss the newer methods of treatment, their techniques, the theories 
used to explam their value and the results obtained Finally, I shall allow 
myself the luxury, and danger, of certain predictions 

Schizophrema, or dementia praecox, represents one of the most im- 
portant medical and social problems facing us at the present time This 
disorder usually comes on durmg late adolescence or early adult life, has 
comparatively httle effect on the life span of the individual, and unul 
recently has shown very httle response to any method of treatment It 
IS the most common type of mental disorder in our state hospitals 
Approximately one-fifth of all admissions to state hospitals are cases of 
scluzoplirema, and because it usually results in deterioration but does not 
shorten life, over one-half of the population of state hospitals is composed 
of such cases Since hospitals for mental diseases have slightly more 
patients than do all other hospitals combmed, including general hospitals, 
children’s hospitals, maternity hospitals, and tuberculosis sanitaria, the 
result IS that approximately one bed out of every four of all the hospitals 
m this country is occupied by a case of schizophrenia Approximately 
thirty thousand new cases of schizophrenia are adrmtted every year to 
our state hospitals It seems impossible, therefore, to exaggerate the im- 
portance of the study of schizophrema from the standpomt of its preva- 
lence, Its cost to the commumty, and the amount of suffering which is 
caused 

Kraepehn gave the term “demenua praecox” to a group of menta 
disorders variously known as dementia simplex, catatonia, hebeplirenia 

* Read February 17, 1939 at The New York Academy of Medicine in the Friday Afternoon 
Senes 
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and paranoia He felt that these disorders were to be grouped as a single 
disease and that all had in common certam qualities, particularly that they 
came on early in life and led to deterioration Hence the name “dementia 
praecox ” Bleuler, years later, suggested the term “schizophrema,” feel- 
ing that the term “demenaa praecox” was a misnomer smce, he claimed, 
all cases do not come on early in life and do not become detenorated He 
regarded the essence of the disorder as a sphtnng of the psyche, hence the 
term “schizophrema ” Bleuler likewise mcludes under schizophrema a 
larger group of disorders than Kraepelm did under dementia praecox 

Here, already, we find one reason for difficulty m evaluatmg any 
method of treatment Different dimes disagree m the criteria for diagnos- 
ing this disorder This is particularly true concerning certain acute cases 
which recover spontaneously The older Kraepehnians held that no case 
of dementia praecox completely recovered If it did, the diagnosis was 
wrong Some psychiatrists now insist that a considerable number of cases 
completely recover and that many more improve greatly with no par- 
ticular treatment being given 

Almost every conceivable theory has been advanced to explam 
schizophrenia Some feel that it arises essentially on an hereditary basis 
Others feel that it is explained by some physical factor, such as a bram. 
lesion, an endocrine or metabolic disorder, or an obscure toxemia from 
foci of infection from other parts of the body Some feel that it is only 
to be understood on the basis of psychological factors and that certain 
repressions and mental conflicts are the actual cause Fmally, there are 
those who say that it is not a quesuon of either/or, but rather a question 
of how much of each one of these factors, that is to say, there are a group 
of psychiatrists who feel that schizophrema does not arise on the basis 
of a single cause, but that it is due to a number of causes, some of which 
may be hereditary, some of which may be organic, and some of which 
may be psychogenic 

As might be expected, the methods of treatment have depended upon 
the particular view the ps)’^chiatrist had concerning the cause of the dis- 
ease If the disease is purely hereditary in nature, it is obvious that the 
only satisfactory approach is through eugenics and that the disease can be 
stamped out only by ridding society of a certain stock v hich is the earner 
of the disorder Tlie organic school has tned all concenable tjqies of 
remedies Particular attention has been paid to the removal of foci of 
infection and the use of endocrine preparanons \^ffiile there ha\ e been 
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some very optimisuc reports of the results of such treatment, at the 
present tune the general consensus of opinion is that At e can produce 
comparatively little modification of the disorder by such methods of 
treatment During the past two or three decades, there has been great 
emphasis on the psychological treatment, and such attempts have recen ed 
support partly because other methods of treatment seemed of httle or no 
avail The use of re-education and occupauonal therapy has become an 
important part of the treatment of these cases in aU of our best institu- 
tions, and has demonstrated that it Avas of value, although no one has 
considered it as a panacea The use of hypnotism, psychoanalysis, and 
A'-arious types of psychotherapy has accomplished, on the Aidiole, compar- 
atively httle, although there are those aaTo feel that such methods are 
extremely valuable and have accomphshed more than any other type of 
therapy that has been used 

While psychotherapy, occupational therapy and the general manage- 
ment and re-education of the patient represent important recent adi^ances 
in the treatment of schizophrema and other mental disorders, I shall 
devote the rest of this paper to certain physiological methods These can 
best be grouped under fever therapy, sleep therapy and stimulation 
therapy 

For many years fever therapy AA^as developed at the Vienna Clinic 
under Wagner Jauregg He Avas able to cure some patients suffering from 
syphilis of the nervous system and improve many others by inoculating 
them AATth malaria Many other methods of producing fever aa ere dcA el- 
oped such as the use of diathermy, hot air cabinets, hot baths, injections 
of typhoid Amccine, and inoculation AAUth rat-bite fever These A^arious 
methods haA^e been tried out extensiA’^ely in cases of schizophrenia but, in 
general, the results haA'^e been unsaasfactory The production of aseptic 
memngitis is another example of the numerous attempts of this sort 

Sleep therapy is commonly regarded as a recent method, yet aa e find 
that Dr John C Warren of Boston used ether as early as 1847 Later he 
used cannabis indica, knoAAm to us uoaa^ under the name of marihuana 
Opium had been used for mental conditions for man)’" centuries A^arious 
authors reported improvement from different types of sleep therapy, 
but m 1922 Klaesi reported excellent results from prolonged narcosis 
due to sommfen Other clmics took up the treatment by prolonged 
narcosis and other drugs such as hyoscine and luminal Avere used exten 
sively Sommfen Avas held by many to be unsafe and its use has been 
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largely discontinued Sodium amytal, however, has proven itself of 
defimte value and is being used at the present time m a number of chmcs 
throughout the country The effects of this drug are particularly strilong 
in catatonic stupors, certain cases showing remarkable improvement It 
IS difficult to say if this should be regarded as sleep therapy as the 
immediate result is the disappearance of the stupor so that the patient 
becomes alert and clear 

Various types of stimulating therapy have also been employed and 
It IS of interest to point out that Henry Hurd used monobromate of 
camphor in 1885 produced convulsions m some patients 

Sodium cyanide, a respiratory stimulant, was first used by Lowenhart in 
1918 for cases of stupor He was able to produce temporary improvement 
m some cases, and a number of pauents who had been mute would talk 
following such treatment Later, carbon dioxide inhalations v'ere used as 
a form of stimulating therapy Patients would breathe a mixture of 
carbon dioxide and oxygen, and many stuporous patients could be tem- 
porarily brought out of their stupor by this treatment However, httle 
in the way of lasting cures was produced by such treatment, and some 
psychiatrists felt that the greatest value of carbon dioxide was to enable 
the psychiatrist to secure contact with the patient during his temporar}’’ 
improved spells, and that by means of the psychotherapy which could 
then be extended, the real possibility of successful treatment occurred 

Gradually, therefore, during the last uventy years, new methods of 
physiologic treatment have been evolved and gradually the feeling has 
arisen that wc vere beginmng to develop physiological methods of 
affecting the schizophrenic process 

Recently, the use of two new drugs, insulin and metrazol, has given 
us still better methods of treatment For a number of years, insulin in 
small doses Ins been used for the treatment of \ arious mental disorders, 
including schizophrenia It was felt that pauents shov ed physical im- 
pro\ement, their appetite improved and they gained weight Some 
shov ed mental improvement Occasionally, a pauent recen ed an unusu- 
ally large dose of insulin and went into shock or coma Interestingly 
enough, sc\ eral obsen^ers reported that patients seemed improt ed fol- 
lowing this large dose of insulin, but none of them followed up this 
obseiantion or seemed to draw the conclusion that it v ould be desirable 
to gi\ e large doses of insulin in the treatment of schizophrenia Sakel first 
made use of insulin as a means of treaung morphine addicts He noted 
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that It had a quieting effect upon them, and felt that this was due to some 
effect that it produced on the vegetative nervous system Sakel then felt 
that msuhn might be of value m qmetmg disturbed psychotic patients, 
and experimented with it Moreover, when noting the improvement that 
seemed to follow shock or coma produced accidently, he decided that 
there was defimte value from this treatment and contmued to experiment 
mth shock doses of msuhn He did not feel that the treatment v as spe- 
cific but rather that the pharmacological shock affected the various 
vegetative centers and brought about a restoration of normal physio- 
logical function Sakel published a number of articles on this subject in 
1933-34-35 These articles were combmed m book form, and recently 
this book has been translated mto Enghsh 

As might be expected, Sakel has modified both his theories and his 
techmque of treatment as he has gained more knowledge and experience 
The essence of the treatment was that patients were given dady sufficient 
msuhn to produce shock or coma After a variable number of treatments, 
some of these patients either improved or appeared to recover completely 
Ongmally, Sakel talked of convulsion therapy and deliberately sought 
to mduce convulsion m some cases However, after a certain amount of 
experience, it appeared that the patients who went mto coma seemed to 
do better than those who developed convulsions, and for a period of time, 
emphasis was placed on the value of producmg a coma and the dangers 
from the convulsion were probably exaggerated More recendy, and 
with added experience m treating cases, a more mdividual t}q)e of tech- 
mque has been developed and the value of one type of shock for certain 
cases and another type of shock for other cases has been clearly recog- 
nized As would be expected, the techmque of the treatment has been 
built up largely by trial and error This is said not m any cnocism, since 
It was the only possible way that our present knowledge could be at- 
tamed In addition to using msuhn, Sakel has again returned to the use 
of metrazol and has worked out several new techmques for the combined 
treatment 

Sakel originally divided the msuhn treatment mto four phases In 
the first phase the patient was given daily injections of insulin, starting 
with 10 to 30 units and mcreasmg the dose daily until the patient 
developed shock or coma The msuhn was mjected mtramuscularly early 
m he morning and the patient would have had nothmg to eat since the 
mgh” before Food was given about four or four and one-half hours after 



Modern Treatment of Schtzophreitia 


343 


the msulm injection Phase two began when the dosage was sufficient to 
produce severe hypoglycemic shocks These shocks might be either 
coma or convulsions In the development of the hypoglycemic coma the 
patient would perspire profusely, might have spells of excitement, but 
would gradually become sleepy and go mto coma This would occur, 
ordinarily, about four hours after the injection of msulm A typical coma 
of this type was called the wet shock Certain cases, hotvever, would 
develop during the second or third hour a typical epileptiform convul- 
sion and would not have the profuse perspiration described m the wet 
shock Sakel referred to this condition as dry shock He also pomted out 
that there might occur a late epileptiform convulsion during the fourth 
or fifth hour of hypoglycemia and that this might occur with a typical 
wet shock Sakel felt that the late epileptiform con\’Tilsion was a danger 
sign and that steps should be taken immediately to terminate the coma 
A typical dry shock, however, he felt was m some cases desirable and that 
attempts should be made to induce it, whereas the late convulsion was 
regarded as undesirable In both cases it was felt that the comnilsion was 
the sign for the termmation of treatment Phase rwo was to be contmued 
from twenty to fifty days Phase three was the term that Sakel applied 
to a period of rest days which he felt necessary’- to introduce from time to 
time At present less emphasis is placed on this phase Phase four v as a 
period of about one week during which the patient was given reduced 
doses of msulm, and carbohydrates were administered within two hours 
after the injection Sakel originally felt that it was important to taper off 
treatment m this fashion, but he now feels that m many cases it is not 
necessary 

The essence of the treatment, aside from the technique mennoned, 
IS the development of the proper type of shock and the termmation of the 
shock at the proper time When it was desirable to produce v et shock, 
that IS, coma, Sakel felt that if necessary drugs such as barbiturates might 
be utilized to minimize the chance of convulsions developing He also 
stated that if all external stimuli ere kept out and the room v as dark- 
ened and quiet, the patient was less likely to develop contmlsions It was 
noted that there was a certain cnocal period m the second and thurd hours 
when the patient would most easily develop convulsions If, on the other 
hand, it was decided to produce convulsions, various measures might be 
resorted to, such as having the patient m a state of alkalosis, having the 
patient drink large amounts of m ater and e\-posing the patient to external 
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Stimuli during the second and thurd hours Furthermore, one might even 
give such drugs as camphor and metrazol at this time in order that such 
a convulsion might be produced The matter of the proper timing of the 
hypoglycemic state was difficult to decide and could not be setded arbi- 
trarily for an individual case Early m the development of the treatment 
Sakel felt that cases of catatonic excitement should be given nvo or three 
mjections daily, starting vnth 15 to 20 units, approximately As soon as 
the patient responded to insulin by becommg quiet, he v'^as given food 
Later, as the procedure developed, treatment was terminated just before 
the patient went into coma The treatment for stupor was somewhat 
similar in principle In general, sugar was given fairly early In some cases 
dry shock was deliberately encouraged For paranoid cases, Sakel felt 
that protracted wet comas were the best treatment However, he stressed 
the necessity of individualizing and the point that in every case one must 
determine how the patient reacted to a particular type of treatment and 
continue accordingly In general, therefore, one started out with the 
regular type of treatment, varying it from time to time, and noted how 
the patient responded to these variations Accordmgly, if the patient 
responded well to a long, ivet coma such treatment would be continued 
If he responded satisfactorily to a dty shock, this v/as contmued Sakel 
has continued to emphasize this necessity of individualizing the treat- 
ment, and all attempts to lay doum set rules of treatment have proven 
unsatisfactory 

The method by which hypoglycemia is terminated depends on the 
condition of the patient If able to sw^^allow, the patient may drmk sugar 
water The general plan is to give a 40 per cent solunon of sucrose in 
warm water The number of grams of sugar should equal the number of 
units of insulin plus 10 per cent, so that if the patient received too units 
of insulin, he would be given no grams of sugar If the patient is unable 
to swallow, the common method of terminating coma is to pass a stomach 
tube mtranasally and thus secure absorption through the gastrointestinal 
tract A little atropine may be given to prevent vomiting and spasm In 
a case where immediate termmation is necessary, glucose solution may be 
given intravenously It is important to remember that further sugar 
should be given in such cases as soon as the patient w^akes up, otherwise 

he is likely to return again to coma 

The maximum period for hypoglycemia should be six to seven hours 
Certam dangers may be mentioned With the abolition of the reflexes, 
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great care must be taken that the stomach tube is actually m the stomach 
Sakel discusses a special techmque for determining this The second 
danger is aspiration during coma With the marked increase of salivation 
and the absence of reflexes, the patient may easily aspirate material into 
the lungs The patient, therefore, should be placed in a position which 
will prevent this from occurring A third danger is spasm of different 
muscles There may be spasm of the vocal cords or of the pylorus of the 
stomach A fourth danger is that the patient may become chilled due to 
the excessive perspiration and the decreased heat production This may 
be guarded against by the use of blankets and of hot water bottles, if 
necessary Fifth, it should be kept m mind that there are many indi- 
vidual differences in the reaction to insulin, and that on rare occasions 
patients may get a severe reaction to a small dose of msulm, yet no reac- 
tion to a large dose of insulin John reports one case m which an increase 
of 2 units of insulin in an adult produced a violent reaction, and another 
case in which a five-year-old child was given i oo umts of insuhn intra- 
^ enously twice a day for a whole month with no reaction occurring 
I have related very briefly how Sakel came to use insulin shock for 
the treatment of schizophrenia Space does not permit a discussion of 
his earlier theories or a detailed critical analysis of his more recent formu- 
lations It IS obvious that much of the work with insuhn was started and 
carried along on an empirical basis but that, having found a method of 
value, attempts have been made to explain why it produces these results 
Sakel has published numerous articles on the subject in which he has 
attempted to give a theoretical explanation for this method of therapy 
However, one must admit quite frankly that Sakel’s theories as to how 
insuhn benefits schizophrenia are much less impressive and satisfactory 
than his actual treatment Sakel himself has admitted dissatisfaction with 
his OMTi theories and has continued from time to time to revise them 
Quite simply, Sakel’s theor}'- might be summed up as follows In schizo- 
phrenia new patterns of behavior of an unhealthy nature have been 
acquired Insuhn shock temporarily places the brain at rest and has some 
effect in obliterating these newly acquired neural pathM ays When the 
nenmus impulses are blocked from flowing over these ne^er and ab- 
normal patliM'ays, they re\ ert to the older, normal pathv ays, this causes 
normal beha\ior, or a return to the prepsychotic personaht}’’ Further 
discussion of the theoretical considerations of insuhn treatment m ill be 
given later 
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The use of metrazol alone as a specific method of therapy for schizo- 
phrema was introduced by Meduna who had been greatly interested in 
a number of observations by various writers that epilepsy rarely occurred 
m schizophrema, and that in some way epilepsy prevented the develop- 
ment of schizophrema The following is his own formulation of this 
hypothesis “Between epilepsy and schizophrema there is a biological 
antagomsm Should it be possible to induce epileptic attacks in schizo- 
phremc patients, such epileptic attacks would change the chemical, 
humoral, haematological and other aspects of the organism in such a 
manner that thereby— smce the orgamsm so changed would represent 
an unfavorable basis for the development of schizophrenia— a biological 
possibility IS given for a remission of the disease ” 

After trying various drugs he used camphor which he felt was of 
value, but soon switched to metrazol which he felt was much more 
satisfactory Briefly, the essence of metrazol treatment is that the patient 
receives mtravenous injection of 5 cc of 10 per cent solution of metrazol 
The exact dosage varies for individual patients and must be determmed 
by experimentation in the case of each patient The mjection is given as 
rapidly as possible, since if it is given slowly no convulsion is produced 
Withm a few seconds following the mtravenous injection of metrazol, 
the patient develops a very typical epileptic convulsion There may be 
one or nvo prelimmary nvitches, someumes a cry occurs, and the pauent 
then goes into a tonic state which is followed shortly afterwards by a 
dome state The pupils are usually dilated, do not react to light, and 
Babinski’s sign is posmve at the end of the dome phase Following the 
attack, the patients are usually confused and often fall asleep, this con- 
fusion usually disappears largely at the end of five to ten minutes The 
techmque of treatment consists in the producDon of nvo or three such 
convulsions a week for a period of three to ten weeks The length of 
treatment depends upon the patient’s response, some cases clearing up 
rapidly and other cases failing to show any response whatsoever 

It will be seen, therefore, that Meduna’s concept as to the basis for 
usmg metrazol is quite different from Sakel’s theoretical basis for using 
msulm Actually, however, m patients under treatment with insulin, 
metrazol convulsions are sometimes induced 

Sakel origmally used drugs mcludmg metrazol to produce a dry 
shock or convulsion, and others, working in this field, advocated the use 
of metrazol to produce a convulsion during the second or third hour just 



Modem Treawient of Schizophi enia 


347 


about the time the patient is going mto coma This combmed treatment 
has been used for some time m a number of dimes and is felt to be of 
value in certain cases, particularly those not responding well to msuhn 

Quite recently Sakel has developed a further modification of the 
combined insulm-metrazol treatment which he regards as of especial 
value m treatmg chrome cases and cases which do not respond to other 
methods of treatment I quote Sakel’s own words m describmg this tech- 
nique “In cases which have been unaffected by other methods, a pro- 
tracted or a so-called condensed shock has often proved efficacious The 
condensed protracted shock consists of provoking a commlsion in a 
comatose patient with a small dose of metrazol during the fourth hour of 
the coma, when he is just on the verge of a late convulsion The panent 
then wakes spontaneously and, if desired, may even be left two hours 
longer m coma The fact that I have effected improvements just as easily 
in patients who have only undergone the treatment two or three tunes, 
as in those who have been treated over an extended period, points to the 
conclusion that an amnesia for the psychosis, figuratively spealong, is 
produced Physiologically expressed, this means that m such cases we 
deliberately produce slight injuries to the brain cells, and, by destroying 
the dominating pathological cells, we assist the dominating healthy cells 
to break through between those sections which have been produemg the 
psychotic personality ” 

To understand tvhat common factor there may be in both msuhn 
coma and metrazol convulsions, let us turn for a moment to the study of 
brain physiology As is known, the bram metabolizes only carbohydrates, 
although small amounts of lactic acid and alcohol may also be utilized 
In insulin coma the carbohydrates in the blood stream are greatly re- 
duced and studies which we have made at Belle\nie show that ver)^ htde 
ox}’-gen has been taken out of the blood circulatmg through the bram 
In studying contents of the blood samples of the internal jugular vein and 
femoral arterj^ we have shown that there was a fall m the utilization of 
oxygen of approximately 65 per cent This indicates that the bram is put 
at rest by a lack of carbohydrates, although there is an adequate amount 
of oxygen m the blood In the metrazol commlsion, the bram is liken ise 
put at rest, but m a different fashion The oxygen supply to the bram is 
cut off although the carbohydrate supply m the blood is quite ample 

As a result of studies at Bellevue, the follon mg theoreacal considera- 
tions have been formulated 
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“Insulin hypoglycemia depresses cerebral metabolism by dimimshincr 
the food supply of the brain (blood sugar), while metrazol achieves the 
same effect by decreasing the oxygen available for the combustion of this 
foodstuff Thus, insulin therapy affects the brain specially, for that organ 
utilizes carbohydrates chiefly, while metrazol has a generalized effect on 
all the organs of the body including the brain The effect of insulin on 
the brain is more prolonged, while that of metrazol is more severe How- 
ever, in both cases the depression of cerebral metabolism seems to favor 
the amelioration of schizophrema ” 

How valuable are these newer methods of treatment^ One can hardly 
go over the different statistics from the various countries, but in general 
It may be stated that the large majority of clmics usmg insulin treatment 
are convinced of its value, and there is a striking agreement in statistics 
from these different clinics The chances of cure depend definitely on 
the length of time the patient has been sick Cases of less than sl\ months’ 
duration have much the best recovery rate This high recovety rate, with 
some reduction, contmues up until about eighteen months, after v Inch 
there is a marked decrease in the percentage of cures Many clinics report 
a recovery rate of from 6o to 70 per cent m cases of less than six months’ 
duration, with improvement m 10 to 15 per cent more Here, of course, 
there is room for much argument, first, as to the definite diagnosis of 
schizophrenia in an early case, and second, as to what constitutes re- 
covety It can hardly be expected that one is going to make an ideal per- 
sonality out of a schizoplirenic patient who has been treated, and we 
speak of cures in the same way that we would refer to them with relation 
to physical disease In speaking of them, then, we do not assume that the 
individual has been made over into a perfect specimen physically Even in 
most physical disease, when we claim a cure, there are probably some resi- 
dues, a patient who has had pneumonia may never completely recover so 
that his lungs are as good as they were before the attack In fact I believe 
it is generally assumed that a patient who has had one attack of pneu- 
moma is more likely to havm further attacks than is a person who has 
never had an attack Yet certainly we speak of such patients as cures, and 
in the same sense we may use the term cure m discussing the treatment of 
schizoplirema A very excellent set of statistics is av'^ailable from the New 
York State Hospitals which have now treated over 1,000 cases of schi- 
zophrema by msulm and over 500 cases by means of metrazol The lump- 
mg together of these cases from a number of different hospitals gives us 
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a good idea of what may be expected by the use of these methods These 
figures, while less optumstic than those of some chmcs, give clear proof 
of the value of the two methods of treatment It also seems to confirm 
the general impression given by statistics, that the msulm treatment has a 
shghtly higher percentage of recovery to its credit than has metrazol As 
to the practical value of these statistics, it would seem that m e now have 
methods of treatmg schizophrema which are of great value However, 
the possibihty of cure is greatly influenced by the durauon of the 
disease This indicates that we shall probably go through somevflat 
the same stages in dealing with schizophrema that we have gone through 
m treating tuberculosis There must be a campaign to educate nor only 
the medical profession, but also the general pubhc to the idea that 
schizophrenia is not a hopeless disorder, and that if diagnosed in the 
mcipient stage, the majority of cases wiU respond to treatment 

The hterature on this subject has become so voluminous that it is 
impossible to give any complete re\new of it It may be pointed out, 
however, that there are reports from a great many dijfferent countries as 
to the value of the newer method of treatment and that m May, 1937, 
the Swiss Psychiatric Association held a meeung, the title of which m as 
“The Treatment of Schizophrenia— Insulin Shock, Cardiazol, Sleep Treat- 
ment ” Dr M iMueller, who had previously reported one and a half 
years before on the use of insuhn, discussed the further reports stating 
“On the whole, however, there is a surprising unanimity as to the actual 
progress made with the help of the msulm treatment This is parucularly 
istoundmg, if we keep m nund that agreements on new methods of 
treatment have not been very common in our profession Moreo\ er, in 
checlang the different remission rates, tve find that the percentage of dis- 
charged patients, whose psychosis \\ as of recent onset, t aries bem een 
50 and 80 Compared to this, there are some recent statistics showing that 
the remission rates for cases of similar durauon of illness amount only to 
30 per cent ” He further states “On the other hand w e must not forget 
how elusive are the clinical features of the genuine schizophrema 
Although such an eminent authority as Blculer has paid special attenuon 
to this problem, w e are sull inadequately enlightened as to w Inch ele- 
ments m the picture of schizophrenia should be referred to the funda- 
mental schizophrenic process and ivhich should be regarded as patho- 
phsuc phenomena or ‘superstructure’ In their concept of what is 
essential m the true schizophrenia, different schools and different coun- 
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tries are widely divergent I need only remind you of the work of Kleist 
and the departure of the French and Dutch schools from our Swiss idea 
of schizophrenia ” 

Sakel, at this same meeting, states as follows “The therapy dates back 
to 1928 It IS an outgrowth of observations made by me in the course of 
the attempted treatment of morphine addicts I thought, first of all, that 
insuhn abolished the phenomena of irritation during abstmence from 
morphine because the nerve cells were blocked and their function quanti- 
tatively affected ” Sakel relates that he first ascribed the therapeutic 
effect of hypoglycemia to “cell shock ” Sakel then states that he first 
thought the epileptic seizure was of great value, that he tried strychnine, 
adjustment in water balance, and the administration of camphor and of 
metrazol to produce seizures He adds “In the course of years I have, 
in most cases, abandoned supplementary medication aimed to provoke 
epileptic attacks With time I have gained the impression that hypoglv- 
cemia as such, and nothing else, acts on the psychoses, v^hile the epileptic 
attack prepares the way by unlocking the gates and altering the psychotic 
picture ” Sakel further discusses his hypothesis, comparing the nen^e cell 
to a combustion engine and the necessity of keeping up the working 
capacity of the nerve cell by a proper amount of food The idea, there- 
fore, IS that insulin produces a dimmution of the action of the nen^e cell 
The psychic changes during and after hypoglycemia are explained as 
follows “I look upon a reaction of the nervous system as a response to 
stimuli, traversing certain pathways Then the processes in hypoglycemia 
may be explained by a blocking of pathways previously active so that 
reactions to the same stimuli run then course over pathways previously 
inactive Now experience teaches us that the newest and most active 
organs as well as the most recently acquired pathways are most sus- 
ceptible to injuries When a nerve cell is injured the pathological change 
may be qualitative or quantitative ” 

Two other questions will immediately arise What are the dangers 
of this method of treatment, and what are chances of relapse occurring 
When treatment is carried out by weU-trained individuals the danger is 
comparatively slight The mortality rate in our best clinics has been 
shown to be, I believe, less than i per cent At Bellevue where we have 
been carrying out treatment for nearly two and a half years, we have not 
yet a single fatality Obviously, if persons past middle age are subjected 
to this treatment, there is considerably more risk than there would be in 
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younger persons Cases of high blood pressure or cardiac disease are also 
poor risks, and can only be treated if this fact is clearly understood The 
United States Veterans’ Bureau, where most of the psychiatric patients 
are now over forty years of age, reports fairly encouraging results follow - 
mg the use of these two methods of treatment, results, which considenng 
all the adverse circumstances, are sufficiently optimistic to make those 
who have treated such cases eager to continue doing so 

Fractures and dislocations occur at times as a result of the convulsive 
seizures A recent report of compression fractures of the bodies of the 
lower dorsal vertebrae deserves further study It is stated that most of 
these fractures are asymptomatic and wiU only be discovered by careful 
X-ray studies Attempts are being made to prevent such fractures by 
putting the patient in extreme flexion or using some type of body cast or 
brace It should be emphasized, therefore, that the use of insulin or metra- 
zol IS not a simple procedure to be carried out mdiscnminately by un- 
trained persons Rather it should be regarded as one does a surgical 
operation It is not without danger but the possibihty of curing or 
improving patients who would otherwise never recover, justifies the 
risks taken 

Concermng the question of permanence of cure, it is sail too early to 
make any posiave statements We know that a certain number of cases 
do relapse, but many ames such cases respond favorably to a second 
course of treatment In studying our owm cases that relapsed following 
insulin treatment, we have been struck by the fact that many of them 
were cases wdio had comparaavely little treatment In the beginning w e 
were, naturally, very conservative, probably too much so, and the result 
w^as that in these earlier cases wTen the person seemed to be responding 
well we terminated treatment and returned the pauent to the commumry 
much sooner than we w ould now do I feel, therefore, that a number of 
relapses are due to improper or inadequate treatment and that as ame 
goes on our technique wnll have impro\ ed so that w^e wull have few er 
such relapses A second point, w hich to me is of great interest, is that a 
number of cases that -we have discharged as only slightly improved 
have continued to impro\ e after return to the community so that some 
of them, after sl\ months or a year, are now put dow n as cures This is 
a \ ery hopeful sign and a result w hich w e had not anncipated in the 
beginning, and is w orth calling to your attennon The fact that there is 
still a chance for impro\ cment or even cure m a paaent w ho has re- 
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sponded only slightly to thorough treatment should make us all take a 
more hopeful attitude in returmng these cases to the community As to 
what will happen to patients many years after treatment, we cannot, of 
course, say at this time However, even if a patient who was regarded 
as a cure were to relapse after a number of years, it might sail be said 
that the treatment had been u’-orth u^hile and of definite value 
What should be most emphasized is that the use of insulin and metrazol 
has given us a weapon which enables us to attack and treat successfully 
in a relaavely high percentage of cases, a disease which up to now has 
responded very little to any method of treatment A study of the effect 
of this treatment should help us to get some idea concerning the nature 
of this unknown disorder w'^hich we label schizophrenia or dementia 
praecox Personally, I doubt if either insulin or metrazol will remain with 
us long as the best method of treatment I believe that we shall soon gam 
such a knowledge of this disorder that \ve will perfect still better 
methods of treatment In this connection it is of interest that, while 
working with us at Bellevue on the study of the physiological changes 
produced by insulin and metrazol, Himwich was convinced that a 
simpler and better method of treatment could be formulated If the 
deprivation of energy to the brain resulting from both insulin and 
metrazol treatment was the cause of the improvement, he felt that a 
simpler method of producing the same result might be worked out As a 
result, an attempt was made to produce a similar t}^e of response by 
having a paaent breathe pure nitrogen, using an ordinary anesthesia 
mask with soda lime for removing carbon dioxide, the patient was 
allowed to go into a state of acute anoxia until he became unconscious 
and developed slight convulsive nvitchings Pure oxygen was then 
switched on and the patient quickly regained consciousness Interestingly 
enough, the patient had no sense of suffocaaon and claimed that the 
treatment was not unpleasant, he also stated that he felt somewhat better 
as a result of the treatment A personal communicaaon from Himwich 
informs me that he has now treated four cases by this method and all 
four show a full remission In this therapy tlie paaent is subjected to tliree 
such treatments a week, thus resembling metrazol in the number of 
treatments given and also in the acute anoxia produced 

It would seem, therefore, from what I have presented this afternoon, 
that we have developed tivo methods of great value for treating one of 
the most common types of mental disorder which heretofore responded 
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but little to any type of therapy Indications are that we wiU continue to 
improve our methods of therapy, that we wdl gam a further under- 
standmg of the nature of this disorder and that we may even achieve 
a method of prevenaon At the present moment, I emphasize the pomt 
that we should not regard these conditions as hopeless and that the 
general practitioner has a defimte responsibihty with regard to the early 
diagnosis of such disorders and for seeing that treatment is instituted at 
the earliest possible moment, smce it is clearly estabhshed that every day 
of delay m the starting of treatment defimtely decreases the patient’s 
chance of recovery 



354 


THE BULLETIN 



Bartlett, F H Sigmund Freud, a Marxian 
essaif 

London, Gollancz, 1938, 141 p 
Blatz, W E The five sisters, a study of child 
‘psychology 

N Y, Morrow, 1938, 209 p 
Blech, G M Clinical electrosurgery 

N y , Oxford Univ Press, [1938], 389 p 
Bradle}, J H Patterns of survival, an ana- 
tomy of life 

N Y , Macmillan, 1938, 223 p 
Breen, G E Fevers for nurses 
Balt , Wood, 1938, 199 p 
Brodrick, K F Common-sense child psy- 
chology 

London, Pitman, 1938, 86 p 
Brown, (Sir) W L Thus roe are men 
London, Paul, [1938], 343 p 
Callander, C L Surgical anatomy 2 ed 
Phil , Saunders, 1939, 858 p 
Chambers, H D Taws (framhoesia tropica) 
London, Churchill, 1938, 169 p 
Chamot, E M & Mason, C W Handbook of 
chemical 'microscopy 2 ed 
N Y, Wiley, 1938, \ol 1 
Cottenot, P H , Ldvy, M M & Ch€rigi€, E 
Le duodenum, atlas de radiologie chn- 
ique 

Paris, Doin, 1938, 223 p 
Cowdry, E V ^ textbook of histology 2 ed 
Phil , Lea, 1938, 600 p 

Darlington, C D The evolution of genetic 
systems 

Cambridge [Eng], Univ Press, 1939, 
149 p 

Davis, E A &, McGinnis, E Parent educa- 
tion, a survey of the Minnesota program 
Minneapolis, Univ of Minn Press, 1939, 
163 p 

Emerson, C P Essentials of medicine 13 ed 
Phil , Lippincott, [1938], 845 p 
Fraser, (Mrs ) E (Galbraith) The doctor 
comet to Lut 

London, Church Missionary Socielj, 
1938, 71 p 


Garvey, C R The activity of young children 
during sleep 

Minneapolis, Uni\ of Minn Press, 1939, 

102 p 

Great Britain War Office Manual of dis- 
pensing, 1938 

London, H M Sta Off, 1938, 377 p 
Gumpert, M Dunant, the story of the Red 
Cross 

N Y , Oxford Univ Press, 1938, 323 p 
Hams, L J Vitamins and vitamin deficien- 
cies 

London, Churchill, 1938, \ol 1 
Harvard Universitj Psj chological dmic 
Explorations in personality 
N Y, Oxford Unn Press, 1938, 761 p 
Hobson, F G Medical practice in residential 
schools 

London, Oxford Unn Press, 1938, 28i p 
Homey, K IVew ways in psychoanalysis 
N Y , Norton, [1939], 313 p 
Jaeger, W W DioUes von Karyttos, die 
grtechische Medizin und die Schiile des 
Aristoteles 

Berlin, de Gruvter, 1938, 244 p 
McDougall, W The riddle of life, a utr^^ey 
of theories 

London, Methuens, [1938], 279 p 
Marshall, C J Chronic diseases of the abdo- 
men 

London, Chapman, 1938, 247 p 
Massart, R E A 5c Vidal-Naqiiet, G 
Pratique orthopddigue 
Pans, Legrand, [1938], 770 p 
Miller, H R Angina pectoris 
Balt , Williams, 1939, 275 p 
Montgomerj', E A Can psychology helpt 
London, Rich, [1938], 241 p 
Mudahar, A L Clinical ohsletnct 
Edinburgh, Oliver, 1938, 819 p 
Murphy, W P Anemia in practice Perni- 
cious anemia 

Phil , Saunders, 1939, 344 p 
Niehans, P Dm endoknnm Druten des 
Qehirns Epyphyte und Hypophtjse 
Bern, Huber, 1938, 280 p 



MAY 1939 


3 55 


Norris, T C Thought and speech 
London, Pitman, 1938, 99 p 
Orr, D W &, Orr, (Mrs ) J (Walker) 
Health insurance rmth medical care 
N Y, Macmillan, 1938, 271 p 
Patel, M Precis de chtrurgie journaliire 
2 dd 

Pans, Doin, 1938, 814 p 
Plimmer, R H A Organic and bio-chemis- 
try 6 ed 

London, Longmans, [1938], 623 p 
Podolsky, E The doctor prescribes colors 
N Y, National Library Press, [1938], 

106 p 

Podolsky, E &. Weil, G C The diabetes 
specialist 

N Y , AUied Medical Publications, 
[1938], 207 p 

Propst, D AV The patient is the unit of 
practice 

Sprmgfield, 111 , Thomas, [1939], 219 p 
Queen Charlotte’s Maternity Hospital, Lon- 
don The Queen Charlotte’s text-book of 
obstetrics 5 ed 

London, Churchill, 1939, 668 p 
Rood, E &. Lmgham, G Taking care of the 
family’s health 

Madison College, Tenn , Rural Press, 
[1938], vol 1-2 

Salzmann, J A Manual for dental techni- 
cianSj vulcanite 

N Y, Pitman Pub Corp , [1938], 346 p 
Schafer, (Sir) E A S Experimental physi- 
ology 6 ed 

London, Longmans, [1938], 184 p 
Schliephake, E Short-rcave therapy 2 ed 
London, Actinic Press, [1938], 296 p 
Schneider, D M The history of public reel- 
fare in Nero York State, 1609-1866 
Chic,Univ of Chic Press, [1938], 395 p 
Schuir, C L Horo to enjoy ill health 

N Y, Whittlesea House, [1938], 194 p 
Sm ellengrehel, N H &. de Buck, A Malaria 
in (he Netherlands 
Amsterdam, Scheltema, 1938, 267 p 
Thulin, J G Oymnastikatlas 

Stockholm, Norstedt, [1938], 167 p 
Torrens, R G Dental dtiease its chemical 
causation and cure 
London, Kimpton, 1938, 254 p 
Torroclln, M A &. Aguilar, R Apuntes 
sobre alimentacidn infantil 
Mexico D V P P , 1938, 678 p 


Tzanck, A &. Dreyfuss, A Himatologie du 
praticien 

Pans, BaiUiere, 1938-1939, 2 v 
Urban, K Die Chirurgie des Kropfes 2 Aufl 
Leipzig, Deuticke, 1938, 112 p 
Vazifdar, N J Physiology of the central 
nervous system and special senses 7 ed 
Bombax, Popular Book Depot, 1938, 
307 p 

Virtanen, A I Cattle fodder and human nu- 
trition 

Cambridge [Eng ], Univ Press, 1938, 

108 p 

Warcollier, R Experimental telepathy 

Boston, Boston Societx for Psvchic Re- 
search, 1938, 296 p 

Weeks, C C Alcohol and human life 2 ed 
London, Lewis, 1938, 454 p 
Weisman, S A Your chest should be flat 
Phil , Lippmcott, [1938], 145 p 
Whitla, (Sir) AV Dictionary of treatment 
8 ed 

London, BaiUifere, 1938, 1285 p 
AVickes, (Mrs ) F G The inner world of 
man 

N Y, Farrar, [1938], 313 p 
Widdowson, T W Special or dental anatomy 
and physiology and dental histology 6 
ed 

London, Bale, [1939], 2 v 
Wilbur, R L The march of medicine, sel- 
ected addresses and articles on medical 
topics, 1913-1937 

Stanford Universitv, Stanford Univ 
Press, [1938], 280 p 

AA'^ilson, C L An introduction to microchem- 
ical methods 

N A , Chemical Pub Co , 1938, 196 p 
AAAlson, R M Doctor’s progress, some remi- 
niscences 

London, Evre, 1938, 291 p 
AA’mterton, P Mending minds, the truth 
about our mental hospitals 
London, Davies, [1938], 251 p 
Wishart, G M , Cuthbertson, DPS. Cham- 
bers, J W Practical physiological chem- 
istry for medical students 2 ed 
Glasgow, Smith, 1938, 128 p 
Zeitfraqcn der Augenheilkunde, Yortrage 
vom Auqenarztlichen Fortbildungskurs, 
Berlin, 1938 

Stuttgart, Enke, 1938, 428 p 



THE BULLETIN 


356 


Zimmermann, W Vererhung “enaorbener 
Eigenschaften" und Auslese 
Jem, Fischer, 1938, 34G p 


Zinsser, H , Enders, J F &. FothergiU, L 
D Immunity, ’principles and application 
in medicine and public health 5 ed 
N Y , Macmillan, 1939, 801 p 



C,‘5EEESE5H5HFE5ZSHSHSESaEHS2SH5HSH5H5‘i3 

Metxb, Moitboe Abbaham 57 West 57 
Street, Neiv York City, born m New York 
City, August 1, 1892, died m New York City 
February 27, 1939, graduated in medicine 
from Cornell University Medical College in 
1916, elected a Fellow of the Academy 
November 6, 1930 

Dr Meier Mas a Fellow of the American 
Medical Association and a member of the 
American Psychoanaliiiic Association, the 
American Psi chiatric Association, the Amer- 
ican Psjchopathological Association, and 
the Countj and State Medical Societies 

Pabry, Amgexette Huntington, Long Is- 
land, New York, born in Rome, New York, 
October 5, 1857, died in Boston, Massachu- 
setts, March 1, 1939, graduated in medicine 
from the Woman’s Medical College of the 
New York Infirmary for Women and Chil- 
dren in 1891, elected a Fellow of the Acad- 
emy December 6, 1894 

Dr Parry served as a member of the 
Executive Board of the American Women’s 
Hospitals since its inception in 1917 She m as 
a Fellow of the American College of Sur- 
geons, a Fellow of the American Medical 
Association, a member of the American 
Medical Women’s Association and one of its 
former presidents, a member of the Women’s 
Medical Society of New York State and one 
of its former presidents, and a member of 
the State and County Medical Societies 


Dr Parry spent four jears as one of its 
\ olunteers at the Kokkinia Refugee Hospital 
at Kokkinia, Greece For her york there she 
receiied a decoration from the Gm eminent 
of Greece 

VoisLAMSKX, Antoxie Phineas 33 East G8 
Street, New York Cit) , born in New York 
City, June 5, 1872, died in Nen Tiork Citi, 
February 22, 1939, receiied the degree of 
Bachelor of Science from New lork Uni- 
lersity in 1894- , graduated in medicine from 
Dartmouth Medical College in 1897, elected 
a Fellow of the Academy May 7, 1903, 
designated a Fellow in Otolarjaigology in 
1933 

At the time of his death, Dr Voislawsky 
was chief of clinic and attending rhmologist 
and otolarjTigologist to the St Luke’s Hos- 
pital, consulting otologist, rhmologist and 
laryngologist to the Harlem Eye and Ear 
Hospital, the Staten Island Hospital and 
the Northern Westchester Hospital, and 
consulting rhmologist and larjTigologist to 
the Ruptured and Crippled Hospital and 
the Flower-Fifth Ayenue Hospital 

Dr Voislaw'skj, w'ho was awarded a cer- 
tificate from the American Board of Oto- 
laryngology, was a Fellow of the American 
College of Surgeons, the American Medical 
Association, and a member of the American 
Laryngological Association, the American 
Laryngological, Rhinological and Otological 
Society, the American Otological Society and 
the County and State Medical Societies He 
was a director of the Alumni Federation of 
New York University, and was at one time 
president of the Society of Alumni of St 
Luke’s Hospital During the World War, 
Dr Voislawsky sened on the Medical A 
1 isory Board of the Secret Service 



SECOND SERIES JUNE 1 939 \OL 1 5, NO 6 

BULLETIN OF THE NEW YORK 
ACADEMY OF MEDICINE 


t^SHSaESHSESaSHSHSESESHSBSHSESHSHSHSHSaSESHSaSHSHSESHSHSEHHSESESHSHSSSHSHSESHEn.'a 


CONTENTS 


Genic and Hormonal Factors in Biological Processes 
C H Davfoith 

Clinical and Pathological Aspects of Acute Leukemia 
Claude E Foi knei 

Chronic Gastrins Clinical Aspects 
Bun ill B Cl ohn 

Vitamin A with Special Reference to Therapy 
Arthur M Yudkin 

Recent Accessions to the Library 

In Memoriam, William Hallock Park 

Deaths of Fellows 

Twelfth Graduate Fortnight 


AUTHORS ALOSE ARE KESFOSSIBLE FOR OPINIONS EXPRESSED 
IN THEIR CONTRIBUTIONS 


CiSHSH5E5H5H5HSZ5H5EEE5H5HSHSHSHSH5H5H5H5E5H5H5H5E5H5H5Z5HSE5H5E5H5H5H52SH5ZSH55} 

Fublished uiouthly by The Nea\ \ork Academy of Medicine 
2 East 103 Street, NeaL York 

1 nicTc.l «ccoml cH«s nnttcr Fcbru^r^ j 1<>2'! at ihc Po t OFice at Not 1 ork N 'i 
umicr tVc ^ct of AtiRu^t 2-t 1012 Stib cription S3 00 per ^trar Single copies 50 cents 



OFFICERS AND STAFF OF THE ACADEM\ 

1939 


Preiident 

MAT.coi,-»t Goodhidce 


Vxce-Presidents 
Arthpr F Ciiace 
BE^JA^^I^' P Watsov 
Rurus I CoiE 


Treasurer 
BtR> \Ri) Sachs 
Assistant Treafurer 
Roderick "V' Grace 


Recordtnq Secretart/ 
Lew is F Frisseee 


George Baehr 
Care G Burdick 
*Lew'is F Frissfee 
‘Maecoesi Goodridoe 


Trustees 


JOHX A Hartweei 
AVieeiasi S Ladd 
James Aeexander Mieeer 
Waeter L Niees 
Waeter W Paemer 


Euoim H Pooe 
*Berkard Sachs 
Frederic E Somierv 
C lISREFS F ItWEY 


The President 

The Treasurer 


Council 

The Vice-Presidents Ihe Iniste&s 

The Recording Secretan 


Tlie Chairmen of Standine Committees 


Director 

Herbert B Wiecox 


Librarian 

Archibald Maeeoch 

Executive Secretary Executiie Secretary 

Public Health Relations Committee Committee on Medical Education 
E H L CoRw IK Maheok Ashford 

Executive Secretan/, Committee on Medical Information 
Iaco Gaedstok 


Library Consultant!, 

Laura E Ssiiih B W WE^^BfcRCER Arvoed C Kefus 

Leqal Counsel 
Fba>k L Poek, Esq 


EDITORIAL BOARD 
Jerome P Webster, Chairman 
Euoe-ne F DuBois 
Robert F Loeb 

Maheok Ashford, Editor 


Alfred E Coh'> 
Archibald Maeeoch 
Karl Xocev 


Ex-officio 



BULLETIN OF 
THE NEW YORK ACADEMY 
OF MEDICINE 


JUNE 1939 



GENIC AND HORMONAL FACTORS IN 
BIOLOGICAL PROCESSES 

Harvey Lecture, April 20, 1939 
C H Danforth 

URiNG the last forty years biologists m increasingly large 
numbers have been turning their attention to genetics, 
and during the last thirty years other biologists, also in 
increasing numbers, have been concentrating on the en- 
docrines, so that at the present time one or the other of 
these phases of the subject is of prime interest to a large proportion of 
students of biology and scientific medicine But the methods and fre- 
quently the materials, employed by the two groups are so different that 
the number of investigators who have interested themselves and are 
well-informed m both fields remains relatively small 

It IS not surprising that seeming inconsistencies ha\ e arisen, but it is 
a part of our scientific faith that real inconsistencies do not exist and 
argument over heredity vs cn\ ironment or senes \ s hormones is useful 
only insofar as it tends to clarify the nature of factors or processes which 
arc interdependent and mutually indispensable M’lth the diversity of 
approach as great as it is it becomes incumbent upon us to attempt from 
time to time to clarif\ and c\ aluate not nicrcK our ou n findings but those 
that ha\ c been obtained bv different means and b\ other in\ estisators 
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in order that we may have a clearer and more harmonious view of the 
whole 

Since the time of Darwin it has been customary to look at biological 
problems phylogenetically, with the result that in his reflective moments 
the biologist feels a little uncomfortable if he cannot postulate some way 
in \vhich the structures or reactions in wfluch he is interested might 
perhaps have been evolved This phase of the subject rarely permits of 
exact analyj-sis, and reflections upon it are likely to be in a measure un- 
satisfactory and pre-eminently tentative Nevertheless the craving for a 
\vorking hypothesis constantly besets us and may perhaps, vath due 
caution, be indulged at times To this end it may be expedient to con- 
sider, insofar as limitations will permit, a few general implications of 
recent findings and in the light of these attempt to interpret some of our 
data relating to secondary sex characteristics 

It IS obvious that no one can adequately summarize or properly relate 
material in fields so vast as endocrinology and genetics These subjects 
do not stand out by themselves as two sharply defined domains of science, 
but have contacts with and transitions into such other fields as those of 
nutrition, biochemistry and experimental embryology For the present 
purpose let us glance first at the genes, hormones and organizers, then 
consider some evidence bearing on the evolution of sex, and finally 
attempt to synthesize a point of view with reference to a particular prob- 
lem, the significance and regulation of sex differences It may be stated 
at once that the sequence of presentation is by no means the sequence in 
which the data and conclusions were developed 

The Genes 

What IS frequently referred to as “Mendel’s First Law” is still the 
corner-stone of genetics Indeed, the basic phenomenon of genetics is 
believed to be the independence and discreteness of the individual gene 
Reproducing itself precisely, except for rare mutations, the gene is m 
effect “immortal” in the Weismannian sense Though it may be asso- 
ciated in succeeding generations with various allels, it is not contaminated 
by them and ahvays emerges from each new'^ combination as pure as an 
atom released by the breakdown of a chemical compound While most 
geneticists doubt if any gene has actually been rendered visible, and 
some think the nature of the gene is such that it never can be seen, an 
immense amount of evidence on the position and function of various 
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loci in the chromosomes has been accumulated and there is fair agree- 
ment on fundamental concepts of segregation, linkage and other now 
familiar genetic phenomena which were scarcely dreamt of m the earlier 
years of genetic study (Darlington\ Dobzhansky-) 

One especially important respect in which genetic concepts have 
undergone a distmct evolution relates to the effect of the genes on somatic 
traits It IS no longer customary to think of genes as forming a kind of 
microcosm which mirrors in a way the adult organism (as did the germs 
envisioned by some of the preformationists) On the contrary, the ten- 
dency now IS to think of the whole complex as functioning together, but 
with some genes more important than others in effecting the production 
of any individual trait The late Doctor Calvin Bridges illustrated this 
point graphically by drawing an analogy to a weighing balance, so set 
that It would tip when all of a certain number of weights of various sizes 
had been added to one of the pans The scale w ould respond only w hen 
the last weight, no matter which it might be, was added, and yet the last 
weight need be intrinsically of no more importance than any of the 
others One cannot speak of the gene for a particular trait except in the 
sense that the gene in question is the differentiator in the production of 
that trait Under other conditions the seemingly significant gene for the 
same trait might be an entirely different one 

How^ the genes exert their influence is still problematical They are 
surrounded and maintained by the cytoplasm, which they in turn affect, 
apparently in nvo ways They determine, or at least influence, the re- 
activity of cytoplasm to both internal and external stimuli and at the 
same time themselves furnish part of those stimuli Occasionally cyto- 
plasm may early acquire properties w^hich persist throughout life (Boy- 
cott et aF , Goldschmidt^), and possibly for even more than a generation 
There is a suggestion, coming from hybridization followed by repeated 
back crosses, and from polyploids m plants (\ on Wettstein*^) that normal 
morpholog)'^ is at times conditioned by a certain concordance ben\ een 
genes and cytoplasm In this, one might perhaps detect a hint that reac- 
tivity to genes, even to a particular gene, may have been a matter of 
gradual cytoplasmic adjustment or evolution, but as yet evidence from 
such animals as Drosophila and pheasants gnes little obaious support 
to this idea E\ en so, it is doubtful if all cytoplasm is equally responsn e 
to all genes Indeed one might concene cmbnmlogical differentiation to 
be due to a progress^ e acquisition by the c^ toplasm of a capacir\' for 
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reacting with genes to which it had previously been unresponsive Pre- 
sumably the same genes are present m all of the cells at all of the stages 
in the history of each individual, but some of these genes become effec- 
tive only ^^'hen the cytoplasm has passed through certain preliminai)' 
phases Perhaps even at the cellular level there is some kind of analogy 
between the processes of ontogeny and phylogeny 

'Whatever the evolutionary sequences may have been, it vmuld seem 
proper to regard the relations urn now find bettveen cytoplasm and genes 
as a kind of functional symbiosis The actual anatomical and physio- 
logical reactions are essentially cytoplasmic but, as has been abundantly 
shown, the behavior of the cytoplasm is conditioned by the genes which 
are associated with it at the moment or have recently been so associated 
That this adjustment has come about through evolutionary processes 
going on tvithin the cell now seems probable 

The Hormones 

The early concept of a hormone as a substance produced by the cells 
of one part of the body and effective on those of another part is still ac- 
ceptable But to refer to hormones as chemical messengers is perhaps a 
little more figurative than our present concepts should permit The hor- 
mones are usually thought of, justly no doubt, as activators or suniulators, 
but It IS important to remember that they produce their final effects only 
through such protoplasm as will respond to them They do not stimulate 
inanimate matter and, as will be pointed out presently, a hormone may 
have a verj’' different effect on the same tissue of related species, or even 
individuals, and on different tissues of the same species or individual The 
specificity of most of the hormone-tissue reactions is apparently more 
properly an attribute of the tissue than of the hormone It seems to be 
largely a question of whether or not the tissue v ill utilize the hormone 
if It IS available With reference to the prevailing concepts this is perhaps 
stating the case backwards, but it may contribute something to clarity if 
we occasionally look at the matter from the less familiar angle 

From this point of view each hormone appears as just another com- 
ponent of the total environment to which all of the cells are subjected 
That the hormones may in some measure permanently influence or con- 
dition the cytoplasm in a manner analogous to that in which the genes 
do, IS suggested by embryological and experimental findings (Stock 
ard®) But on the whole their effects seem to be, if sometimes scarceh 
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less profound, at least generally more transient than those of the genes 
That one hormone or another is absolutely essential to the normal realiza- 
tion of many biological functions^ is abundantly indicated by an immense 
amount of published evidence too familiar to call for comment It is also 
known that chemically similar substances, and also some S)mtheuc prod- 
ucts which may not be actually idenacal with true hormones at all, can 
be made to serve adequately m their place To an evolunomst this pre- 
sents a challenging problem What is the significance of the hormones 
phylogenetically^ In attempting to answer this question it is doubtful if 
one should limit himself to the hormones alone 

Until rather recently we have been inclined to think of the hormones 
as more or less peculiar to vertebrates, and especially distinctive of mam- 
mals Moreover, we have been possibly a little too much disposed to draw 
sharp lines of demarcauon between hormones and vitamins, and between 
both of them and simple chemical and physical factors on the one hand 
and genic influences on the other Of late the barriers seem to be break- 
ing down Even in insects, hormones are now receiving much attenuon 
(Beadle and Ephrussi®, Kuhn^ Wigglesworth^®) It appears that in 
certain species of insects a single hormone effective on some of the tissues 
IS produced by several different organs, each with its own primary func- 
tion In other species, where its function, if any, is unknow n, this same 
hormone may snil be produced in significant amounts One might sus- 
pect that the appearance of a hormone may ante-date phylogeneticaUy 
any adaptation of the tissues for its use 

Organizers and Vitamins 

The popular tendency that would attribute direcme or creauve 
pow'ers to hormones has been carried to an extreme with reference to 
organizers The very w ord suggests acti\ e determination, but it would 
seem that here again there is a disposition to mistake the passive means for 
the actu e agent Organizers, like hormones, seem to be only components, 
albeit essential ones, in the environment of normally developing cells 
Ordinarily they do not “organize” or “determine” m any strict sense but 
to speak figuram ely, function as “go signals” for cells w hich otherw ise 
might w'ait Apparently, as cells of an embrjmmc s}’-stem reach a certain 
stage of de\ elopmcnt they may give off substances w hich w hen added to 
the milieu of cells of another system enable the latter to differentiate 
iccording to tlicir owm intrinsic potennahnes In the absence of the 
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appropriate organizer the cells may remain undilferentiated or e\ en fol- 
low some other course (as m potential lens tissue, Lewis”, Stockard®) 
This IS of great miportance in embryogenesis and also throws light on a 
possible path of protoplasmic evolution 

From some points of view the vitamins have much in common ivith 
the hormones and organizers The chief difference seems to be that the 
vitamins are synthesized outside the animal body, but it is not certain 
that this distinction is a very valid one 

Inter-Relation of Factors 

It IS not the purpose here to do more than suggest that at least some 
of the vitamins are merely substances upon which protoplasm has become 
dependent through evolutionary adaptation, and that the hormones maj 
be either rather complex vitamins which the body has evoh ed the ca- 
pacity to synthesize, or metabolic components of the internal environ- 
ment to which there have been evolutionary responses analogous to those 
elicited by factors in the external environment That the whole problem 
of food, vitamins and endocrmes can be reduced to really simple terms 
IS quite unlikely, but there is good reason to think that there has been 
an interesting evoluaon of specializauon with reference to hormones 
and vitamins as well as to other external factors To cite but one example, 
some evidence might indicate that the estrogens which play such an 
important role in the mammalian reproductive cycle are phylogeneticalh 
older than the mammals themselves Indeed it may be that they were first 
evolved by the plants, and the reason they are estrogens at all is inherent 
in the cyclic or seasonal character of plant growth How much e\ olution 
there has been in the hormones since animals began to elaborate them for 
themselves is an interesting problem whose solution lies mostly in the 
future Riddle^" has made some very interesting contributions to this 
phase of the subject in his studies of prolactin 

When we attempt to evaluate all these diverse factors, we are led m 
each case to the cytoplasm as the reacting system The cytoplasm is ob- 
viously adjusted to respond to influences which emanate from the genes 
within and the hormones, vitamins and similar factors from without 

The Probable Evolution of Sex 

One of the primary functions of sex is apparent to the geneticist who 
makes use of it in the improvement of domestic plants and animals Sex 



Genic and Honnonal Factors 


365 


affords above all else a means for combimng m one individual favorable 
traits from a variety of sources If it were not for amphimixis, each desir- 
able trait would be in conflict with every other good trait except in the 
rare cases where several favorable mutations chanced to occur in the 
same germ line In the absence of sex, tf favorable genes were to appear 
m different lines, they would only sen^e to increase the compention be- 
tween those lines, with the probable extermination of some and the 
consequent loss of desirable genes But under a system of sexual repro- 
duction, germ lines which enjoy advantages due to favorable heredity 
are likely to be brought into contact with each other when, instead of 
being purely competitive, their good qualities may be combined by 
interbreeding and preserved and multiplied by natural selection Sex- 
uality, therefore, may be presumed to have had the effect of changmg 
favorable mutations in different germ lines from necessary antagonists 
to potential synergists Without sexual reproduction it is doubtful if the 
kind of protoplasm which early appeared in our world could ev^er have 
reached a differentiation much beyond that of the simpler plants and 
animals There are, of course, other important aspects of sexuality, but 
the advantages alluded to would alone seem to offer sufficient reason 
for Its evolution, once the function of conjugation had appeared 

Of the many kinds of sex that may have arisen among the Protista, 
It seems likely that the kind which gav^e rise to sex in the higher plants 
and animals, must at first have immlved only the gametes Botanists long 
ago pointed out what looks like a plausible sequence leading from zoo- 
spore to isogamous gametes, to heterogamous gametes and finally to the 
egg and sperm of oogamy (Allen*®) The concomitant evmlution of the 
soma seems to havx been from plants or animals in which (a) any cell 
at all might break up into vegetauve reproductive units or gametes, 
either isogamous or differing in sign, through (b) those in which only 
certain cells function in reproduction with the gradual evolution of 
special organs in vvdnch such cells can develop, to (c) the final segre- 
gation of wo classes of individuals each of which suppresses the produc- 
tion of one or the other type of germ cells and so can function only as 
a male or a female Briefly, it appears that sex started as a difference 
between germ cells and has evolved into a difference between indi- 
\ iduals 

If w e turn now to consider the condinons under which the morpho- 
logical aspects of sex dev clop, a number of interesting features emercre 
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In the first place, study of lower forms shows us that the kind of di- 
morphism exemplified by sex is nor a unique phenomenon It represents 
a rather common tendency toward what, to borrow a word from the 
bacteriologists, we might call pleomorphism It is probably not essen- 
tially different from the dimorphism or polymorphism that results when 
individuals of some plant or animal species, if subjected to different 
environmental conditions, assume correspondingly diverse forms En- 
vironmental factors m such cases are not necessarily directive in any 
sense other than that they act as “trigger mechanisms” to set off one or 
another tram of possible reactions When such responses fall in a con- 
tinuous series, they excite no special interest, but when they are discon- 
tinuous, and especially when there is some suggestion of the “all-or- 
none”, curiosity is aroused That a plant is large when grown in rich 
soil and small •n^hen grovm in poor soil is not particularly exciting, but 
if It has one kind of leaves in water and another on land, we are im- 
pressed 

Structural adaptation for the production of male or female gemi 
cells seems to be merely one of these alternative responses, which may 
be conditioned by a variety of external factors It is found to be so in an 
immense number of existing species where the genic constirunon is such 
as to permit the reproductive tissues to develop indifferently into either 
an egg-producing or a sperm-producing organ But in many species 
each new individual receives a set of genes vath a differential bias in 
favor of one sex or the other This is accomplished through the elabora- 
tion of the familiar XX-XY complexes But such a differential as is 
established by an XX or an XY serves merely as one influence among the 
many to which the developing cytoplasm is adjusted to respond There 
IS little evidence that cytoplasm containing one of these chromosomal 
complexes is any more responsive to that particular complex than it 
would be to the alternative one The sex-chromosome influence may be, 
and often is, outweighed by other internal or external factors It is diffi- 
cult to say whether in its evolutionary development the chromosomal 
control of sex has been perfected through an intensification or multi- 
plication of the factors whose balance is determined by the XX and X^ 
combinations, or by an increase in the sensitivity of protoplasm to those 
factors which already existed A few illustrations will serve to emphasize 
hov great are variations in the adequacy of the chromosomal regulation 
of sex differentiation 
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Chromosomal Differentiation 

The differences between species strongly suggest an evoluuonary 
sequence In a vast array of lower animals each individual may produce 
either sperm or eggs, and we have learned something of the conditions 
which regulate these two types of activity Two especially effective 
differentials are age and season When sex is associated with season it 
may be mediated through some hormonal or prehormonal substance of 
the sort considered in the next section But in all these cases where sex 
IS conditioned by external factors it is clear that the potentialities of 
both sexes are inherent m each individual Chromosomal determination 
IS brought about through the intensification of differentials which were 
already present but so well balanced that the scale could be tipped only 
by some external factor 

The mollusks are particularly interesting in this connection Many 
of them seem to be without a chromosomal bias in favor of either sex 
For example, in some of the pteropods sperm and eggs may be seen 
developing almost simultaneously in the same gonad (Danforth^'*) 
Among bivalves the oyster, as Professor Coe^' has pointed out, presents 
an interesting series of conditions indicating a range from no sex bias 
at all to a feeble tendency toward internal control, but almost always 
with a marked disposition to protandry But of all the mollusks thus far 
described the gasteropod, Anohvmx caltfornicus, is among the most 
interesting In genetic and ecological studies of this species, C C 
Wright* has shovm that chromosomally there are two sexes, XY males 
and XX females The XY individuals apparently invariably function as 
male throughout life The XX individuals, however, are protandrous, 
behaving as typical males during the early part of their life after which 
they lose their external copulatory organs and from then on behave as 
true females In this species the chromosomal differential is obviously 
not quite strong enough in young individuals to overcome a widespread 
molluscan tendency to protandr)'- but it becomes wholly effective v hen 
tlie animal reaches full maturit)’’ 

Among the Amphibians, especially the Salientia, the chromosomal 
sex mechanism can be over-ridden fairly easily as many investigators 
hive shown (eg Witschd'’ Burns'T, and even among higher verte- 
brates we find e\ idence that chromosomal determinaaon is not neces- 
sarily final But there w ould be Iinlc ground for an\ suspicion that a 
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chromosomal mechanism is mtnnsicall)^ inadequate for se\ control 
Indeed, there is no reason to suppose that any extreme to which sexual 
dimorphism has thus far led could not have been regulated entirely b\ 
the chromosomes, as it still seems to be in some of the insects, with no 
need of any hormonal differentials whatever 

Hormonal Differentiation 

Purely intracellular regulaaon of function is not well adapted for 
coordination To this defect we are probably largely indebted for 
development of the nenmus and endocrine systems In respect to the lat- 
ter, some of the lower plants are rich in hints of possible evolutional} 
sequences It has been known for a long time that among the algae there 
are certain, mostly periodic, environmental conditions that help to regu- 
late the reproductive cycle Various authors have gathered evidence 
that light in changing intensity, temperature, and especially substances 
dissolved in water may at times stimulate conjugaaon or gamete for- 
mation But not all related species react in the same way to the same 
stimuli (Danforth^®) That the factors on which a species depends for 
Its stimulation should characteristically become effective at the very 
season which is best suited for the propagation of that paracular species 
is probably not a mere coincidence It may conceivably have come about 
by some chance fitness or preadaptation of the protoplasm to its 
environment But it seems much more probable that favorable reacuons 
were gradually evolved through protoplasmic alterations and natural 
selection, to the end that there have developed many kinds of proto- 
plasm each adapted to respond to some particular set of environmental 
conditions Perhaps adaptations at this really biochemical level may in 
fact consntute one of the most significant aspects of evolution, and one 
which may yet lend itself to precise analysis 

The recent studies of Moewus^® on reproduction in ChlaviydomoMS 
eiigametos seem to mark a step in this direction He finds that m the 
proper media vegetatively reproducing plants without cilia can be propa- 
gated in the dark Brought into the light such plants soon develop ciha 
and motile gametes But even when left in the dark the cells may be 
made motile and reproductive by the addition of filtrates from cultures 
grown m the light When such filtrates are added, one class of gametes, 
which may be called “female”, is activated first, followed a little later 
by activation of the other class The substance which is effective on 
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these cells is produced m an inactive form by cultures growing in red 
or orange light When the filtrate from such cultures is subjected to 
blue or violet light it passes rather rapidly through a series of phases 
First, after a few minutes of exposure, it acquires a capacity to activate 
“female” gametes, then it becomes inactive for a short ame, followed 
by a brief period m which it activates “male” gametes, after which it 
remains completely and permanently inactive toward all gametes 
A'loewus^® further reports that identical results may be obtained if, in- 
stead of the filtrate, a carotinoid, crocin, is added to Chlamydomonas 
cultures grown in the dark Finally by mixing nvo crocin dernatives, 
each by itself inacave, either the female-stimulating or the male- 
stimulating substance can be obtained, depending on the proportions m 
which the two ingredients are combined 

Such mamfestations are rather suggestive of the hormonal activity 
we see in higher forms In Chlamydomonas they seem to approach a 
degree of chemical simplicity that permits one to hope they may ulu- 
mately become understandable It is easy to imagine that in its evolu- 
tionary history Chlamydomonas protoplasm acquured the capacity to 
elaborate several crocin esters and then to react with them in such a way 
that gametes should be produced and activated at a time and in a manner 
that IS advantageous for continuity of the species How the chemical 
make-up of the protoplasm has become adjusted to give these reacnons 
IS by no means obvious It is still more baffling that at reducnon-division 
the contents of a single cell can so segregate as to give two cells, one 
of which will be activated by one mixture of chemicals, the other by a 
different mixture of the same chemicals These are fascinating problems 
for those who can cope vith them, and them solution is bound to do 
much to clarify our ideas of evolution But in the meantime there is no 
justification for relinquishing the morphological approach or a point of 
\ lev V Inch permits us to look upon the de\ elopment of function as 
“purposeful,” in a biological sense 

Among the Ion er animals a number of species have been studied in 
w Inch sex seems to be determined by environmental factors of a chemical 
nature In the classic case of the worm Bonellia (Baltzer-“), it seems that 
whenever an undifferentiated lar\a comes in contact wath a female it 
becomes utichcd to her proboscis and develops as a small parasitic male 
In the absence of an opportunm to indulge this particular tendenc\ it 
becomes 1 fcmilc except that 1 larva isolated in iitro ma\ be made to 
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become a male or an mtersex by adding much or little of an e\tract ot 
female tissues, or even certain salts We may suppose that instead of an) 
mysterious potency in extracts of female Bonelliae, Avhat is really demon- 
strated IS an evolutionarily acquired adaptive capacity on the part of the 
larva to react in a characteristic way to certain conditions, if it meets 
them, and in another way, if it does not 

It V ould not be profitable in this connection to attempt to review 
all the evidence of hormonal regulauon of sexual development and func- 
tion in the lower forms-\ but it may be recalled in passing that if we are 
not too restrictive in our definitions, such regulation may be said to be 
of widespread occurrence With some birds, such as the brown Leg- 
horn fowl, certain characters seem to be almost completely under 
hormonal control In laboratories where special experiments are being 
carried on with this breed, even a professional poultryman would find 
It exceedingly difficult, if not impossible, to determine the original sex 
of some of the birds on the basis of comb and plumage alone Genetically 
male and genetically female Leghorns which have had their original 
gonads removed and then been subjected to the same kind of implants 
or injections come to be similar almost to the point of identity in some 
of their more conspicuous characteristics 

For the mammals there is an appreciable body of literature, familiar 
to this audience, indicating that among some of them too there may also 
be a considerable degree of equivalence in the capacity of male and 

^ ^ 1 r 1 1 22 23 

female somatic tissues to respond to either male or female hormones"*' “ 
One need mention in this connection only such striking examples as the 
freemartin in cattle, “sex-reversals” in the guinea pig, changes resulting 
from parabiosis, and the intersexes of both genotypes which have re- 
cently been produced in mice and rats by injecong pregnant females with 
excessive amounts of male or female hormones (Hamilton and Gard- 
ner-L Green and Ivy'®) jMoreover, the extraordinary interrelation of the 
mammalian pituitary and other glands concerned wnth reproduction, 
for a knoxxdedge of which we are greatly indebted to the pioneer work 
of the president of this society, makes mammalian endocrinology a sub- 
ject to tax the research capacity of the most gifted 

We can not yet infer how general or, in the case of some species 
such as man himself, just how complete hormonal determination ma) 
be (Dantchakoff-®, Raynaud-') But it is safe to say that there are mam 
mals in which at least some traits may be fully conditioned by hormones, 
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and this almost irrespective of the imtial chromosomal consutuuon 

And so we may conclude from this survey not only that it is entirely 
within the range of biological possibility for a high degree of sexual 
specialization and dimorphism to be determined by either a gemc or an 
endocrine background, but that both types of determination are in fact 
realized"® For our present discussion it is immaterial whether the extra- 
cellular or “humoral” differenuals are established by experimental means 
or result from the hereditary idiosyncrasies of some endocrine gland 
(Smith and MacDowelF®) In either case it seems simplest to look upon 
the reaction as a matter of protoplasmic adjustment where the emphasis 
should be placed not on the stimuli but on the protoplasm which m- 
tegrates and uulizes them The prospect of an early and adequate 
analysis A^muld be brighter if it were not for the fact that both modes of 
response have developed side by side in the same lines This situation is 
clearly revealed by the types of plumage dimorphism in birds, which I 
would now like to discuss briefly as illustrative material 

Genes and Endocrines in Relation to the Plumage of Birds 

In studies on birds the conventional procedures mvolvmg removal 
of glands, with or without replacement therapy, injection of hormones, 
hybridization and skin transplantation have on the whole yielded har- 
monious results when applied to any one species or race, and often 
seemingly discordant results when applied to different species* It may 
be worth while to review some of these results briefly, citing a few 
specific experiments 

There are certain characteristics which distinguish the feathers of 
each part of the body, but many transplantations of skin®‘ from one part 
to another have resulted in no change in the character of the feathers 
produced In some species a change of hormonal level will, and in others, 
will not affect the plumage, irrespective of whether or not transplan- 
tations have been done Among a few of these strains genetically deter- 
mined changes m the threshold of responsiveness to hormones are known 
to have occurred, and in all of them there are regional differences in 
responsn eness which have been acquired embr}’-ologically Taken to- 
gether they afford interesting parallelisms between “phylogenencally” 
and ontogcnetically acquired differences Transplantation of skin from 
one sex to the other yields especially illuminanng results and show s w'hat 


• Donm*^ iro\ide« an cvcellenl iUktik ion and !nljIio5raph% coxenni; lht« field 




372 


THE BULLETIN 


Wide interspecific differences really exist 

A piece of skin transplanted at hatching from a male to a female 
dwarf turtle dove has for several years produced feathers indistinguish- 
able in size and color from those of a male, and quite different from 
surrounding feathers from the female’s own skin Since the volume of 
the original transplant %vas less than that of one of the many feathers 
which It has since produced we may infer that there is no longer any- 
thing of significance in the graft except the genes and cytoplasm 
descended from those originally transplanted It would seem that m this 
case the female produces no hormones whose actions differ, so far as the 
feathers are concerned, in any respect from those of the male In|ecnon 
and castraaon experiments in doves, pigeons, guinea fowl and a number 
of other species indicate that such lack of differential effects of male and 
female hormones on plumage characters is not an uncommon one In 
this group, as m others, the very same hormones may or may not, accord- 
ing to the species, affect other secondary sex characters such as bill color 
or development of gonoducts 

When a transplant similar to that in the dove vms made from a male 
to a female common pheasant^^ the feathers produced by the trans- 
planted skin were different from those of either a male or a female, 
showing a kind of compromise both in color and in structure AVith 
grafts made m the reciprocal direction, again a compromise was obtained, 
but one different from the first In these pheasants we find four ier\^ 
distinct types of plumage corresponding to the four possible combina- 
tions of male and female hormone, male and female protoplasm and 
genes This is true of several kinds of pheasants and, judging from the 
findings of Stadie^"*, is probably also true of a number of the European 
songbirds 

When instead of the preceding species, brov n Leghorn chicks were 
used for both donors and hosts, the feathers produced by each graft 
were like those of the host irrespective of the sex of the donor In other 
words, the Leghorn is at the opposite extreme from the dove In the dove 
sex differences in plumage are regulated by genes without reference to 
hormones, in the Leghorn they are regulated by hormones without ref- 
erence to genes If in adult Leghorns there are any traces of the genic 
effects seen in pheasants, they are at the very best only slight 

But there are other races of fowl in which the reactions are different 
V anous experiments in skin transplantation between Campmes and Leg 
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TABtr 

- 



GENIC 

AND HORMONAL 

FACTORS 

IN THE 

PRODUCTION 

OF 


PLUMAGE DIMORPHISM 





Types of plumage in 

four different qenotypes 

Chromosomes 

Sex hormones 

A 

B 

C 

D 

VIZ 

F 

1 

1 

1 

1 

ZZ 

F 

4 

2 

1 

1 

^yz 

M 

1 

3 

l-i- 

4 

7Z 

M 

4 

4 

2 

4 

wz 

0 

1 

3+ 

4 — 

4 

ZZ 

0 

4 

4 

4 

4 

VIZ 

F-fM 

1 

1 

1 

1 

7Z 

F-fM 

4 

2 

1 

1 


Wi^, fennle, and 'Ll, in lie sex, F, o\ari'in, M, testicular, and O, none do\e, guinea 
fo^\l and others, B, common pheasants such as Reeies, ring-neck and others, C, fowls 
of the Campine-Sebright group, D, fowls of the Phoenix breed and, approximateh , the 
Leghorn-Ph mouth Rock group 1, female plumage, 4, male plumage, 2 and 3, inter- 
mediate plumage 


horns, as well as exchange of gonad transplants and hormonal injections 
have shown that the Campine fowl has feather folhcles whose threshold 
for hormonal stimuli are very different from those of the Leghorn A 
Campine follicle can produce the same land of feather as the correspond- 
ing Leghorn follicle, but it does so only under the influence of a qmte 
different hormonal balance From genetic evidence it appears that a 
single gene difference is responsible for the divergent reacuons m these 
two races The young of both these and other birds produce a series of 
juvenile feathers which seem to indicate a progressive adaptauon to the 
hormonal or genic factors \vith which they mtU ulumately react more 
fully 

The table summarizes what might be characterized as four tj'pes of 
adult reaction between genes and hormones, or, better, four ways in 
wdiich different forms of protoplasm respond to these internal and ex- 
ternal factors It IS quite possible, indeed probable, that the arrangement 
in the table does not correspond to any particular e\ olunonarj’^ sequence, 
but It does show the kind of divcrsit)* which would seem to proiide 
for evolution of special types of response When it is recalled that the 
differences in reaction show n in columns C and D are due to but a single 
gene, it is not surprising that one finds du ersity of response to be due 
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much more often to difference in tissues than to difference in hormones 
As an example of this diversity it may be menuoned that all of the four 
types listed give then: own individually characteristic responses to com- 
parable doses of the same mammahan estrogen 

In addition to the^ experiments just menuoned, it has been found by 
chance that a much more dehcate type of transplant is possible This is 
because of the tendency of young pigmentoblast cells to wander, oc- 
casionally crossmg the hne between graft and host This results in pro- 
ducuon of mosaic feathers which are found in most series of ttansplants 
and have been studied recently with great success by Wilher and his 
colleagues^® In some of these mosaics where a few pigmentoblasts of 
one type may become relauvely isolated m a foreign environment, the 
responses, or lack of them, are as characterisuc as when there has been 
no operation at all Again it seems to be the cells and not the hormones 
that determine the reactions 

Finally, when the humoral complex, which thus far has been con- 
sidered as a umt, is analyzed with respect to its components, a still 
greater diversity is revealed To cite only a smgle example, Professor 
Witschi®° and later Doctor Stadie®® found that, whereas in many species 
the pituitary stimulates the gonad and that in turn influences the 
feathers, there are some species (e g m the genus Pyromelanus) m which 
the follicles have acquired the ability to react directly with the gonado- 
tropic hormone itself This is precisely what might be expected to have 
happened on the basis of the general thesis that tissue-hormone reactions 
are m large measure determmed by protoplasmic adaptations to already 
existing substances which happen to be present at the time when it is 
biologically desirable that the reaction take place 


Summary 

Experimental study of factors controllmg sex differences in the plum- 
age of birds has led to the conclusion that it is necessary to regard the 
hormones as essentially non-specific substances to which tissues of differ- 
ent species may or may not develop a capacity to respond The situation 
found to exist m buds, and m other species of animals and plants as well, 
leads to the suggestion that one aspect of evolution may have mvolve 
a progressive adjustment of the cytoplasm to both intracellular an 
extracellular factors It appears that the genes give character to the cyto 
plasm or “condition” it, while at the same time supplying substances 
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with which during development it becomes progressively adapted to 
react Adaptations to hormones and organizers seem to be of much the 
same nature as those to gemc effects Apparently each new adjustment 
has come about primarily through a chromosomal alteration which im- 
parted to the cytoplasm the capacity to uulize some substance already 
at hand 
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CLINICAL AND PATHOLOGICAL ASPECTS 
OF ACUTE LEUKEMIA* 

Claude E Forkner 



^SSSHHH5255SE^cute LEUKEMIA IS not a very rare disease Its chnical diag- 
nosis may be exceedingly difficult Frequently acute 
leukemia must be considered m the differentiation of 
obscure disorders It is the purpose of this address to 
review some of the important points with regard to the 
chmcal, hematological, and histological characteristics of the disease 
Dr Paul“ has told you that the test for heterophile antibodies does not 
invariably distinguish infectious mononucleosis from acute leukemia I 
think we can go still further and say that no procedure is available which 
will tell with certainty early in the course of illness whether a patient is 
suffering from acute leukemia or a leukemoid state A number of dis- 
orders, some of them benign, may closely simulate and indeed at times 
be indistinguishable from acute leukemia It must be within the experi- 
ence of many of you to have seen patients in whom you have diagnosed 
acute leukemia and later, owing to the favorable outcome of the disease 
or to the acquisition of new data, have been gratified to witness your 
diagnostic error The medical literature contains scores of references to 
such cases, often regarded as remissions or cures of the disease, but 
probably more correctly interpreted as leukemoid states or as secondary 
or symptomatic leukemia This subject will receive further consideration 
later in my address 


The Clinical Picture of Acute Leukemia 

The disease may occur at any age, in any race, and in either sex 
Authentic cases of leukemia in newborn infants ha\e been recorded 
It is of interest that all of the leukemic new born infants and young chil- 
dren have had non-leukemic parents, xa hereas infants bom of leukemic 
parents, of xahich there are about fifrv’- aa ell-documented cases in the 
literature, haa e in no instance been afflicted aa ith the disease 
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Fig 1 — ^The age incidence of three varieties of leukemia, arranged 
in periods of fi%e \ears (Modified from the data of Ward') 


Figure I illustrates the age incidence of acute leukemia m relation 
J;o the age mcidence of chronic forms of the disease It is apparent that 
)\ie acute disease has a tendency to occur at an earlier age than chrome 
leAktemia The graph is modified from that of Ward ^ You will note 
that although rare, acute leukemia may occur at an advanced age I 
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PROPORTION' 

Tabix I 

OF SEXES AT VARIOLS 
IN 929 CASES (WARDi) 

AGE PERIODS 

All ages to 
age of 

Acute Icukimia 

Chrome hmphemta 

Chrome myelemta 

M 

F 

M 

F 

M 

F 

5 

60 

40 

— 

— 

— 

• 

10 

65 

35 

— 

— 

— 

— 

16 

69 

31 

75 

25 

60 

40 

20 

72 

28 

80 

20 

61 

39 

25 

71 

29 

83 

17 

55 

45 

30 

71 

29 

81 

19 

52 

48 

35 

70 

30 

76 

24 

62 

48 

40 

69 

31 

86 

14 

52 

48 

45 

68 

32 

75 

2.5 

53 

47 

50 

68 

32 

77 

23 

55 

45 

55 

67 

33 

75 

25 

54 

46 

60 

67 

33 

77 

23 

56 

44 

66 

— 

— 

73 
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56 

44 

70 

— 

— 

74 

26 

56 

44 

75 

— 

— 

74 

26 

56 

44 

80 

— 

— 

75 

25 

66 

44 

85 

— 

— 

— 

— 

56 

44 


have myself obsen^ed a typical case supported by postmortem study m a 
man eighty years of age Additional e\ idence was presented by Warren - 
Leukemia in all of its forms is more common in the male, but the 
course of the disease in the two sexes appears to differ m no important 
respects Table I, taken from the data of Ward,^ shows the sex inci- 
dence of acute and chronic leukemia at various ages It xviU be noted 
that the preference for the male is not so marked in the earhest age group 
as in subsequent groups These obsen^ations were confirmed m the 
studies of iMinot and his associates ^ 

The onset of acute leukemia may be insidious or abrupt In about 
50 per cent of patients, the beginning of illness is like that of a respirator)’- 
infection, often with fe\er, sore throat, cough, and general malaise 
The patient is thought to ha\ e catarrhal fe\ er, grippe, influenza, or ton- 
sillitis, but instead of prompt recovery, prostranon persists, the paaent 
continues to feci badly, to ha\ c fe\ er, he de\ elops pallor and a tendency 
to bleed from the mucous membranes and into the skin Sometimes the 
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Fig 2 — Duration of illness on 113 patients iMth acute leukemia (Warren ) 


onset, particularly in children with acute lymphocytic leukemia, simu- 
lates closely that of acute rheumatic fever, as has been stressed by 
Cooke,^ Smith,*^ Sutton and Bosworth,® and others Baldridge and Awe' 
found acute arthritis in thirteen of twenty patients under rwenty-onc 
years of age suffering from lymphocytic leukemia 

The onset of acute leukemia may be marked by bleeding from the 
gums or achmg of the teeth so that the patient believes the origin of his 
trouble is a local disorder in the mouth Such patients, before they are 
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seen by physicians, frequently consult dentists who may perform extrac- 
tions or other operative procedures which are followed by uncon- 
^ trollable hemorrhage, osteomyelitis of the jaw, or extension of an ulcera- 
tive process 

Among other symptoms which may appear early in the disease and 
which cause patients to seek medical advice are fever, tachycardia, 
enlargement of lymph nodes, weakness, disturbances of vision, and ir- 
regularities of menstruation Early in the course of the disease no sig- 
nificant anemia may be present, but occasionally pallor, the result of 
anemia, may be the first mamfestation which brings the patient to his 
physician 

As a rule, the steady progressive course of acute leukemia is un- 
checked either by natural agencies or as the result of treatment A num- 
ber of isolated instances of spontaneous remission and a few cases of 
apparent cure have been recorded Warren^ recorded the duration of 
the disease in 1 13 cases (Figure 2), nmety-three per cent of the patients 
died within two months and all within sue months The causes of death 
are varied There may be terminal bronchopneumoma, septicemia, or 
hemorrhage Agranulocytosis may precede death or occur at any 
phase of the disease Severe prostrauon, myocardial failure, or progres- 
sive anemia may be precipitating causes of death 

Before proceeding with a discussion of the differentiation of the 
i^arious types of acute leukemia, I wish to provide you with a simple 
classification of the leukemias (Table II) in order that you may be 
better oriented concerning the remarks to follow Time does not permit 
that w^e consider this aspect of leukemia m detail, but the subject has been 
presented elsewdiere by Forkner ® ^ Leukemia, m general, is classified on 
the basis of w’^hether it is acute or chronic, leukemic or subleukemic 
(aleukemic) Many workers prefer to indicate the site of origin of the 
cells wdiich are concerned and to designate the types as myelogenous 
(myeloid or medullar)'-) or lymphogenous (lymphoid or lymphatic) 
Other w'orkers prefer to designate more specifically the strain of cells 
primarily involved For example, one may speak of acute or chronic 
lymphocytic, monocytic, or eosmophiloc^ tic leukemia The fourth 
column m Table II gi\ es a list of the specific n*pes of acute or chronic 
leukemia which may be encountered The more common r\*pcs arc 
indicated in capital letters It is these rs'pes that I wish to discuss 
particul irly 
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The Differentiation of the Various Types 
OF Acute Leukemia 

Since acute leukemia is a fatal disease and cannot be treated satis- 
factorily by any known therapeutic agent, there exists the feeling among 
some physicians that attempts to subclassify the disease mto various types 
of acute leukemia are not justifiable This attitude, although it is the 
path of least resistance, does not advance knowledge of the disease, 
leads to the madequate study of cases and hence confusion m the medi- 
cal literature Many of the textbooks of medicme and of the papers 
on leukemia state that all types of acute leukemia are idenacal in their 
symptoms, although it must be admitted that all patients with acute 
leukerma do not exhibit the same symptoms 

Another reason that acute leukemias often are not separated into 
their vanous subtypes is that to do so is difficult and has required exceed- 
mgly careful study of the blood cells by expert hematologists using all 
available methods In the following remarks I shall stress certain im- 
portant clinical signs which have been too little appreciated and which 
aid greatly in complementing and substantiating hematologic differen- 
tiation of types 

About four decades ago, Gilbert and Emde-WeiP® distinguished 
three principal types of acute leukemia according to the prevalence of 
the main symptoms Their first type was the rare but typical acute 
leukemia with enlargement of the lymphoid tissues as the predominant 
feature Their second type was the hemorrhagic form characterized 
by an intense hemorrhagic diathesis The third type described by these 
workers was the buccopharyngeal or the angmous and pseudoscorbutic 
form vuth hemorrhagic mfiltrauons and necrotic, ulceranve processes 
in the oropharyngeal cavity These were purely clinical types and were 
not known at the time to be correlated v ith any hematologic cnteria 
^Vorking independently and without a knowledge of the earlier 
studies of Gilbert and Emile-Weil, I had the opportunit}* a few years 
ago, while working at the Thorndike Laboratory’' in Boston, to study 
intensively a considerable number of cases of acute myelogenous, acute 
lymphogenous, and acute monocyuc leukemia We v ere able by hema- 
tologic methods, confirmed by the study of pathologic specimens, to 
separate these three mam types of acute leukemia When these hema- 
tologic types were correlated v ith the climcal pictures it became apparent 
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that the buccopharyngeal or pseudoscorbutic type of Gilbert and Emile- 
Weil was, hematologically, acute monocytic leukemia, that their hemorr- 
hagic form was, hematologically, acute myelogenous leukemia, and their 
type uath enlargement of lymphoid tissues, was acute lymphocytic 
leukemia On the basis of further studies we were able to formulate, 
even more completely, definite syndromes associated with the differ- 
ent types 

Lesions of Mucous Membranes as an Aid in Differentiating 

Acute Leukemias 

It was our opinion in 1934,^^ and this has been supported by subse- 
quent observations, that diffuse marked swelling of the mucous mem- 
branes, particularly of the gingivae, usually with ulceration and necrosis, 
was characteristic of acute monocytic leukemia and usually was absent 
in acute leukemia of the lymphocytic or neutrophilocyac (myeloblastic) 
types Frequently diffuse cellulitis with swelling and pain, together with 
signs of acute inflammation extending into the deeper tissues of the 
face, was present Because of these presenting symptoms, patients often 
consulted their dentists prior to being seen by physicians Patients with 
acute lymphogenous and acute myelogenous leukemia frequently have 
symptoms referable to the mouth and other mucous membranes, but in 
my experience these lesions usually are of a different sort and are limited 
to hemorrhages and slight infection 

The Size of the Spleen and Lymph Nodes in Acute Leukfmia 

The spleen in acute myelogenous leukemia often is enlarged some- 
what but usually it is not palpable, whereas in acute lymphogenous 
leukemia the spleen almost without exception is felt two or more centi- 
meters below the costal margin In acute monocytic leukemia the spleen 
IS palpable in the majority of cases and may be conspicuously enlarged 
In four of my cases the spleen at autopsy vveighed from 360 to 1065 
grams 

Almost invariably there is distinct general enlargement of the lypmh 
nodes in acute lymphogenous leukemia In acute monocytic leukemia 
the lymph nodes, particularly those in the neck, may be slightly or 
moderately enlarged, but general enlargement to the extent found in 
acute lymphogenous leukemia is not present It is even more uncommon 
to find generalized enlargement of lymph nodes in acute myelogenous 
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leukemia and, if any enlargement is found, it is slight m degree 

Because of these characteristic lesions of the mucous membranes, 
and of the spleen and the lymph nodes, hich were closely correlated 
with hematologic and autopsy findings, it has become possible to make 
a satisfactory clinical differentiation of the acute leukemias even when 
the blood picture is not clear cut or when other tissues do not become 
available for histologic studies 

Hematologic Differentiation of the Acute Leukemias 

There are five important characteristics of the blood in acute leu- 
kemia (i) The dominant leukocytes (usually over 80 per cent) are of 
uniform and immature type There are exceptions to this general rule 
in certain cases of acute lymphocytic, acute monocytic, acute eosino- 
philocytic leukemia and chloroleukemia In these latter disorders the 
cells may appear more mature and the leukocytes resemble those of the 
chronic rather than the acute disease When a very large proportion of 
the leukocytes are myeloblasts, lymphoblasts, and monoblasts, there may 
be almost no intermediate stages in development This renders difficult 
deductions as to the type cell by obsen^ation of intermediate phases in 
maturation This difficulty is further accentuated by the fact that, 
owing to the greatly disorganized hematopoietic system, immature cells 
of other strains than that of the type cells may be present in moderate 
number m the blood (2) A second characteristic of the blood m acute 
leukemia is that the total number of leukocytes may be subnormal, 
normal, or increased Frequently the total number fluctuates widely 
Leukopenia of a severe grade may be present at any phase of the disease 
and commonly is present in both acute myelogenous and acute lympho- 
genous leukemia near the time of onset of the disorder (3) Blood plate- 
lets are markedly decreased, sometimes absent Too little attention is 
directed in general medical clinics to obsen ations of blood platelets and 
their variations Study of these structural elements is of great importance 
in the differentiation of acute leukemia from many other diseases They 
may contribute the most significant clue m a difficult diagnosis am- 
ing should be given, hovT\ er, against accepting the results of routine 
direct enumeration of the platelets except v hen this is done bv an expert 
and checked by examination of a good blood smear (4) The coagula- 
tion and bleeding times usually arc prolonged (5) Anemia de\elops 
rapidly, although at the beginning of the disease no sigriificant anemia 
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may be present Except when complicated by chrome loss of blood, the 
anemia is of the normocytic and normochromic type Frequently, im- 
mature erythrocytes are present and the number of reticulocytes is 
increased 

The number of blast cells is frequently so large and the intermediate 
phases in maturation of the type cells are so few that it may be exceed- 
mgly difficult to determine whether the blast cells are myeloblasts, mono- 
blasts, or lymphoblasts Under these conditions some workers have 
classified the leukemia as bemg of the stem cell or embryonal cell type 
On the other hand, careful study, at least m my experience, of cases 
regarded by others as stem cell leukemia, usually has demonstrated that 
the type cells belong to one of the three mam strains, namely, myelo- 
blasts, monoblasts, or lymphoblasts 

The “supravital” technique is of particular value m the differentiation 
of the monocytic strain of cells and aids materially m the recogmtion of 
early myelocytes and their immediate precursors, the myeloblasts There 
are, moreover, certam finer distinctions in cell types which are present in 
ordmary "Wright’s stained smears The nuclei of myeloblasts are large, 
round, oval or slightly indented and contam several nucleoli The cyto- 
plasm IS deeply basophilic and uniform in character The nuclei of mono- 
cytes, premonocytes, and monoblasts, for the most part, tend to have 
complicated shapes and possess very few nucleoli The cytoplasm is 
relatively abundant, is generally not very basophilic, and contains many 
dust-like granules 

Another useful means in the differentiation of the various types of 
acute leukemia is the oxidase or peroxidase reaction The shade of color 
and the size of the positive granules m monocytes are somewhat different 
from those m the myelocytes and myeloblasts The size of these granules 
m monocytes usually is smaller and their number fewer than in mye- 
locytes or so-called myeloblasts 

Histologic Differentiation of the Acute Leukemias 

Patients with acute leukemia in whom the hematologist has difficulty, 
likewise present distinct problems for the pathologist It happens rather 
frequently that pathologists are in a less favorable posmon to make a 
precise diagnosis of the type of leukemia than are the internists One of 
the chief criteria upon which the pathologist relies is the oxidase reaction 
of the tissues If the cells mfiltratmg the liver, kidney, and other tissues 
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are oxidase posiave and if the architecture of the blood-forming organs 
IS disorganized and shows mdiscmninate hyperplasia of uniformly imma- 
ture leukocytes, the diagnosis of myelogenous leukemia is made On the 
other hand, if such a state exists, but without a posmve oxidase reacaon, 
the diagnosis of lymphogenous leukemia or of lymphoblastoma is in 
order With the discovery of a third type of leukemia, monocytic, the 
pathologic diagnosis became more difficult, because m this type the 
oxidase reaction of the blood and tissue cells may be either posiave or 
negaave and hence the chief pomt for the diiferenaal diagnosis is lost 
There are, however, certam characterisacs of the histology which 
are of great importance, which are little appreciated, and which usually 
are distmcave Although it is often extremely difficult or impossible m 
good paraffin secaons to distmguish lymphoblasts from myeloblasts, 
this IS not true of monocytes and their precursors The monocytes, v hen 
observed by means of the oil immersion lens in the blood, or m their 
sites of formaaon m the tissues, have certam characterisacs disanguishing 
them from myeloblasts or lymphoblasts The nuclei, even of premono- 
cytes and of monoblasts, usually are of irregular shape, often in the form 
of irregular crescents or of broad elongated bands bent on themselves 
Frequently, the nucleus may be bent on itself several ames giving the 
impression of lobulaaon There exist also many young monocytes, the 
nuclei of which may be of simpler structure, but they exist as close 
compamons of the cells with the more complicated nuclei The nuclei 
of the monocyac series of cells rarely have demonsttable nucleoli, 
whereas these structures are common in lymphoblasts and are even 
more prevalent m myeloblasts The cytoplasm of premonocytes and 
monoblasts as a rule is more abundant and much less basophilic than that 
of either lymphoblasts or myeloblasts 

A pomt of importance is the degree of infiltraaon and oblitera- 
tion of the normal architecture of lymph nodes It is ^\ell known 
that in lymphogenous leukemia the Ivmph nodes generally are over- 
grown by diffuse prohferaaon of lymphoid cells destroying the essenaal 
organization of the nodes In myelogenous leukemia many lymph nodes 
may be involved vith myelogenous leukemic infilttaaons, but usually 
there IS prescn’’ation of the architecture of the node Nou in acute mono- 
cytic leukemia the invoh cment of the lymph nodes histologically is 
conspicuous and of an intensit}’^ closely approximaang that of lympho- 
genous leukemia The essenaal architecture may be completely desao\ ed 
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Iable III 

DIFFERENTIATION OF IHE IHREE MAIN TYPES OF 

(FROM FORKNER9) 


Spleen 


L\niph nodes 


Luer 


Mucous membranes, 
particularly of 
mouth and pharynx 


Acute Myelogenous 
Leukemia 

Lsually not palpable 


Lsually slight or no 
enlargement 


Lsually palpable 


Petechiae, bleeding 
often slight swelling 
of gingivae but rarejy 
ulceration 


Acute L\mphogenous 
Leukemia 

Almost invariably 
significantly enlarged 

General enlargement 
of moderate or 
marked degree 


Usually palpable 
from 1 to 4 cm below 
costal margin 

Petechiae, bleeding, 
rarely ulceration 


r Oxidase 
reaction 


Histologic I 
distinctions J 
of tv pe cells a 
in blood I 
and tissues I 


Other 
charac 
- teristics 


Prom few to many 
oxidase positive cells, 
vv ith from few to 
many coarse granules 


Dominant cells myelo 
cytes A” (Sabin) 
and myeloblasts 
nuclei round or oval 
usually with several 
nucleoli ,cy toplasm 
deeply basophilic, 
myelocytes ‘ B” 
(Sabin) present, 
Auer’s bodies fre 
quently present m 
few cells 


All lymphoid cells 
oxidase negative 


Dominant cells lym 
phoblasts and young 
lymphocytes, nuclei 


round, ON al or sligntly 
indented with few 
nucleoli usually pres 
ent, relatively small 
amount of deeply 
basophilic, hyaline 
cytoplasm, mature 
lymphocytes present 
in fair number, occa 
sional myelocytes “C 
(Sabin) and meta 
myelocytes present 


ACL ID LELKEMIA 


Acute Monocvtic 
Leukemia 

Palpable in about 70 
per cent of cases 

Moderate in neck but 
other lymph nodes 
V ery slightly en 
larged, if at all 

Usually palpable from 
1 to 4 cm below cos 
tal margin 

Petechiae, bleeding, 
usually marked, dif 
fuse swelling of 
gingivae or pharynx 
with ulceration, often 
cellulitis with swelling 
and tenderness of 
face, marked fetor 
oris 

All monocytes positive 
or all negative, or 
some positive and 
others negative posi 
live cells contain 
relatively few fine 
granules 


Dominant cells mono 
blasts and premono 
evtes, nuclei usually 
elongated and folded 
deeply indented or 
otherwise irregular in 
contour, nucleoli 
rarely present cy to 
plasm relatively 
abundant usuallv not 
deeply basophilic and 
not hyaline but 
” slightly basophilic 
and “ground glass 
like” Auer’s bodies 
may be present in 
few cells, mature 

monoevtes present m 
significant and van 
ing numbers, myelo 
cytes “C” and meta 

myelocytes of*'” 

present in small 
numbers 
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It IS thus apparent from the preceding discussion that acute leukemia 
can be differentiated clinically, hematologically, and histologically into 
various types By means of the accompanying Table III, I wish briefly 
to recapitulate the essential points in the differentiation of the three types 
of acute leukemia 


LeUKEMOID STA.TES- 

There is one further point that demands consideration in any dis- 
cussion of the acute leukemias \\ hat are the diseases with y hich they 
may be confused, and how does one separate a so-called leukemoid state 
from a true leukemia^ Infections of yarious sorts may produce clinical 
and hematologic pictures resembling closely or remotely those of acute 
leukemia This has been so striking that some workers, for example 
Wallbach,^® beheye that a sharp borderline benyeen infection and 
leukemia does not exist In connection with this it should be stated that 
the possibility of leukemia of man bemg a yirus disease is still open The 
fact that considerable eyidence suggests that leukemia is a neoplastic 
process has not settled the question and has done little to ad\ance our 
knowledge with regard to its etiology 

Perhaps the disease with which acute leukemia is most easily confused 
IS infectious mononucleosis You haye noted in the paper by Dr PauP* 
a detailed presentation of the characteristics of this disease In addition 
to the heterophile antibody test, there are other points which often 
distinguish the nyo disorders Chief among these is the beha\ior of the 
blood platelets Whereas in infectious mononucleosis the platelets are, 
as a rule, little if any affected, m acute leukemia, almost without excep- 
tion, the platelets are greatly decreased Associated with this, the tend- 
ency for spontaneous purpura or other hemorrhage is present in acute 
leukemia but usually absent m infectious mononucleosis Often the degree 
of immaturity of the leukocytes is greater in acute leukemia than in infec- 
tious mononucleosis The oxidase or peroxidase reaction w hen positive in 
the immature cells, indicates that they are not lymphogenous in origin 
and so this test is of \ alue in excluding infectious mononucleosis In acute 
leukemia nucleated red blood cells are often found in the smear w hereas 
this docs not occur in uncomplicated infectious mononucleosis Anemia 
dc\ clops rapidh in acute leukemia w hereas in infectious mononucleosis 
this factor is nor conspicuous Biopsy of an enlarged lymph node may be 
useful in diffcrcntnl diagnosis but often this is not essential 
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Acute disseminated miliary tuberculosis someumes is associated Math 
stnkmg abnormalities m the blood picture with an outpouring of many 
immature leukocytes In a number of mstances the true diagnosis has 
been revealed only at autopsy Roth,^® Marshall/® Wiechmann" 
Thompson/® and others have reported such cases 

Whooping cough, especially when complicated by bronchopneu- 
moma may be associated with leukocyte counts of from 50,000 to 
300,000 per c mm of which a high percentage (up to 90 per cent) may 
be lymphocytes Acute leukemia, especially m children, may be accom- 
pamed by intractable cough associated with mediasunal masses The 
differentiation of the two diseases may at times offer difficulties until 
close attention is given to the details of the blood picture 

Acute agranulocytic angina frequently is confused with acute leu- 
kemia Indeed, acute agranulocytosis may occur as a complication m an 
otherwise frank case of either chrome or acute leukemia In agranulo- 
cytic angma, 90 or even 100 per cent of the leukocytes present may be 
mononuclear forms Many monocytes and a few myelocytes may be 
present at the begmmng of the recovery phase Unless one is cautious 
in interpreang such changes, they may be mistaken for manifestations of 
leukemia Here again careful study of the details of the blood picture as 
well as a careful history, especially with regard to the taking of drugs, 
will lead to the correct interpretation 

Neoplasms, especially when the liver, spleen, lymph nodes, or bone 
marrow are mvolved by miliary metastases, may give rise to leukemoid 
blood pictures Leukocytosis up to 140,000 per c mm and vnth the 
presence of many myelocytes, myeloblasts, and nucleated red corpuscles 
has been observed The picture more often simulates that of chronic 
than acute leukemia 

Osteosclerosis, Hodgkm’s disease, multiple myeloma, poisoning with 
chemicals, and mfection with pyogenic organisms may at times be con- 
fused with acute or chronic leukemia 

Treatment 

Litde has been said concerning this phase of the subject No form of 
therapy provides any permanent relief Transfusions of blood are 0 
fleetmg value It is important, however, not to lose hope when one is 
treatmg such patients Every effort must be expended in attempting to 
find some other explanation than leukemia for the altered state 0 t e 
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patient Although we cannot cure the disease, it is my behef that progress 
IS bemg made and that sooner or later someone will discover the secrets 
which until now have remained hidden 
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CHRONIC GASTRITIS CLINICAL ASPECTS" 


Burrill B Crohn 


oheseshshshsh^hronic gastritis should be defined as a protracted inflam- 
K a matory lesion involving one or more coats of the stomach 

a S wall, with a characteristic histological picture and gross 

a pathological changes, with a typical or at least generalfi 
ShshshshbhhhsS distinctive symptomatology and a known clinical course 
and progression These criteria, while not necessarily constant, should 
be more or less uniform to deserve the appellation of a clinical en^t^f 
The diagnosis of chronic gastritis was current perhaps a century ago, 
little understood and vaguely recognized Its popularity was replaced by 
a functional or secretory phase of interpretation which was ushered m 
by Kussmaul with the introduction of the flexible stomach tube, and 
carried on by Ewald and Boas (1885) and more latterly by Rehfuss and 
his school of f ollov ers ( 1 9 1 4) In more recent years the neryous (Leube) 
or functional or psychic explanation of gastric disorders replaced in 
public opinion all other causative and etiological explanations of symp- 
toms relatiye to the epigastrium and, whether of cerebral or ps^ chic or 
autonomic nervous system imbalance (Eppinger and Hess), achieved 
first place in clinical recognition 

With the application of the \-ray to gastrointestinal disease (1905) 
the pendulum swung to the opposite extreme, the effort being made to 
interpret most gastric phenomena from an organic viewpoint, particu- 
larly ulcer, ulcerations and duodenitis 

Today v^e are at the parting ways of a new concept, or at least of a 
revised or revived explanation of those gastric disorders of vague origin 
which, below the level of gross pathological recognition, call for clinical 
interpretation 

The invention of the ingenious and safe flexible gastroscope by 
Schindler has reopened this phase of investigation With the introduction 
of this instrument and its capable use by experienced manipulators, a 
whole field of hitherto acceptable concepts has been reopened for re 


* Delivered Jnninrv 5 19^9, at the Annual Meeting of the Academ> 
From the Medical Service*?, The Mount Sinai Hospital New York 
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vision and renewed critical analysis 

One of the most important contributions of the gastroscopists has 
been the reawakening of our knowledge of gastritis A^’hile surgeons, 
pathologists, and clinicians such as Konjetzny, Puhl, Henning, Gutzeit, 
Hurst and others have studied morphological gastritis m its relation 
to ulcer and carcinoma without arriving at more than debatable and 
uncertain conclusions, the gastroscopists have defined for us a gastrins 
which to them is a disease, not necessarily associated with other patho- 
logical changes, one with a clinical symptomatology which is offered to 
us as, in Itself, an explanation of subjective phenomena and of visceral 
manifestations 

The gastroscopist sees ttith his instrument changes in the gastric 
mucosa which are real enough, of marked superficial congestion with 
edema, occasional hemorrhagic areas, surface erosions and increased 
mucus production The process may be hyperplastic and productive in 
nature or may proceed to the stage of atrophy 

As old-school clinicians m e are asked to accept these visualized pic- 
tures as representing a disease entity, as such, w e ask, is there an asso- 
ciated recognizable clinical picture' Is there a corresponding histological 
change in the mucosa^ Does the process lead to characteristic secretorv’’ 
changes^ Can one diagnose or recognize or treat a case of chronic gas- 
tritis if one be deprived of the gastroscopc and has to rely only on other 
diagnostic equipment^ 

Conceding gladly and ungrudgingly the surface changes seen 
through the flexible instrument, do these manifestations explain the path- 
ological and clinical concept of a gastrins' 

PATHOLOGICAL DaTA 

To xvhat extent docs histology of the stomach mucosa parallel the 
gastroscopic observations' The literature, extensn e as it is, fails to answ er 
this query In fact, the dearth of studies on microscopic pathology* is 
bemoaned by Henning, as a\ cll as bv Schindler himself both of whom 
express the hope that studies of this nature a\ ill in the near future be 
cirried out bA painstaking in\ estigators The real handicap lies m the 
fact that biopsies arc not possible with the closed lens sa stem of the flex- 
ible instrument, ne\ertheless such studies arc possible and are beina 
cirried out bA a group at the Mr Sinai Hospital who haama m a pre- 

hminarA cxuninanon subjected the patient to a gastroscopy no\\ proceed 
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to a minute histological survey of the resected specimen, closely follow- 
ing such an examination 

AUowmg for our modest inexperience m comparison with such a 
master gastroscopist as Schindler, and taking into consideration the fact 
that most of the cases were subjects of benign ulcers, we may still hazard 
a prehrmnary impression regarding the parallelism between the gastro- 
scopic visual report and the histological analysis of the specimen 

In general such parallehsm is mconstant Frequently when hyper- 
trophic, or less often, atrophic changes are seen with the gastroscope, but 
little morphological disturbances of structure are visible Or, when a 
comparatively normal mucosa is seen, rather advanced infiltration with 
round cells and plasma cells and eosmophiles may be noted, even to 
polymorphonuclear invasion In some instances the parallelism is good, 
a gastritis is seen grossly and an mfiltrating congested mucosa is obsen^ed 
microscopically In others, all parallelism is absent 

One of the greatest drawbacks in the whole issue is the lack of knowl- 
edge regardmg what constitutes a normal mucosa, and what changes can 
be expected in the mucous membrane of mdividuals who are advanced 
into the later decades of life Practically speaking, one rarely sees his- 
tologically a normal human mucosa without some cellular infiltration 
of the mucous membrane Normal control specimens of mucosa are miss- 
ing and slides devoid of some cellular hyperplasia or atrophy are to all 
intents and purposes absent Some cellular changes characterized by 
round cell and plasma cell infiltration and connective tissue proliferation 
are commonly found in other viscera of the adult body, such as the 
appendix, liver, pancreas and kidney, and yet such changes are not 
regarded as commg within the realm of clinical consciousness 

By what yardstick are we to determine when a gastritis by micros- 
copy IS a gastritis by clinical defimnon^ In the more advanced and 
severe grades of gastritis the gross specimen with its hyperplastic 
changes, marked thickemngs, prominent gastric areas, even to the stage 
of etat mamelonne, may be easily recogmzable, as it is to the gastrosco- 
pist, and readily verified by the microscope as an advanced gastrins, but 
the less developed and subtler changes of the mild fundal and corpus 
gastritis may confuse the gross pathologist, as it may the gastroscopist 
It is in these milder and less advanced instances that the histological 
verification may contradict the gastroscopist’s findings 
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Secretory Changes 

There are no consistent variations in the secretory ater that charac- 
terize the various forms of gastrins m their milder degrees All writers 
agree that no form of gastrins, except the advanced type of atrophic 
gastrins with its associated achylia, has a pathognomomc change in the 
secretory acidity or in its morphological consntuents (Simpson^) We 
have similarly faded to find a hyperacidity or a hypoacidity that can be 
predicated upon either the gastroscopic picture of a gastnns or upon a 
histological change m the cellular arrangement of the mucosa Not that 
such a microscopic picture must be demonstrable to parallel secretory 
varianons, but the difficulty of drawmg up a chnical syndrome is en- 
hanced by the absence of consistent findmgs in either the gastroscopic 
or the histologic picture and the presence of wide varianons in the 
secretory composinon 


X-Ray Evidence 

The radiographic evidence of gastrins is similarly confusing The 
hypertrophied rugae demonstrable in the mucosal pattern of some 
stomachs are not a consistent sign of hyperplasnc gastnns, nor are the 
prominent gastric areas and motthng demonstrated by Berg^ and by 
Henning and Schatzki,® nor the worm-hke arrangement of the antral 
rugae of Gutzeit^ sufficiently convincmg to allow one to draw the con- 
clusion of the presence or absence of a mucosal gastnns By general 
agreement (Schindler and Templeton,® Henmng,® Schloss, Etnnger and 
Pratt’^), radiography unsupported by gastroscopy is madequate to deter- 
mine the presence of a gastritis 

On what basis then may one formulate a clinical picture of gastnns’ 
If histological control norms are absent, if the changes m the microscopic 
morpholog)’- do not consistently parallel the obsen'ed gastroscopic find- 
ings, if no secretory or radiographic picture charactenzes the disease, then 
only the gastroscopic picture and the subjectn e complaints of the panent 
remain upon which to build A clinical s)mdrome that demarcates gas- 
trins IS concededly absent, the \ arious other forms of chronic gastnns 
arc said to be accompanied by epigastric pain vorsc after meals, the 
absence of night-pain, nausea, \ ominng, occasional hematcmesis due to 
surface erosions, and general sv'mptoms sucli as dizziness \ ertigo, v eak- 
ncss, loss of appetite and of m eight A charactcnstic sensin\ e area has 
been described bv Schindler® in the left periumbilical area as character- 
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izing hypertrophic gastritis 

Such symptoms are not mild, but are severe to a degree, and must be 
correlated as effect to cause with the gastroscopic picture Beaumont,'* 
whose opportunity and genius were uncKcelled, says “Diseased appear- 
ances similar to those mentioned above, have frequently presented them- 
selves in the course of my experiments and examinations These 
morbid changes and conditions are hov ever seldom indicated by any 
ordinary symptoms or particular sensations described or complained of, 
unless when in considerable excess or when there have been correspond- 
ing symptoms of a general affection of the system ” Eusterman^® clearlv 
states that changes in the mucosa do not give rise to clinical symptoms, 
except occasionally epigastric distress or hemorrhage, thus differing v ith 
both Knud Faber^^ and Henning 

If one could dispense with the demand for a histological basis of a 
disease, as well as with the secretory and roentgenological evidence of a 
process, one might be willing to interpret the gastroscopic picture in the 
light of a functional, rather than an organic disturbance A subpatho- 
logical entity gives rise to a subclinical picture, in which mucus produc- 
tion, severe congestion even to hemorrhages and motor spasm of long 
duration eventually lead to cellular changes Similar disturbances in the 
nature of pathological physiology characterize some very severe diseases, 
such as mucous colitis, or chronic rhinitis, or allergic manifestanons, dis- 
eases with well defined symptomatology, with minimal mucosal changes, 
but which eventually may lead to mucosal hypertrophy, polypoid forma- 
tions or atrophic sclerosis 

The constant association of gastritic changes with nervous phenom- 
ena such as dizziness, depression, weakness, sense of fullness and insomnia 
might lead one to invoke a psychogenic or a neurologic factor as the 
responsible causative agency Such nervous influences might v ell induce 
pathological disturbances of physiology to so great an extent as to pro- 
duce functional and hyperemic consrestive states in the stomach, which 
would be evident instrun''entally but yet not produce organic mucosal 
changes 


Certainly the theory of Knud Faber^’^ who attributed gastritis to 
previous general infections such as diphtheria, influenza or tuberculosis 
IS hardly a convincing hypothesis, nor has it received general credence 
If hasty eating, bad dentures, excessive quantity of ailments and too hot 
or too cold foods are the proper causative factors, then gastritis is or 
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should be the most common disease from which all of us suffer, which 
of course gastroscopically appears to be the fact In truth, Gutzeit^ said 
long ago that gastritis is the most universal of human ailments 

Recognizable Forms of Gastritis 

The difficulty with drawing up a clinical picture that will fit into 
the pattern of chronic gastroscopic gastritis should by now" be evident 
But, doubt as one may the significance of the interpretation of w"hat one 
sees instrumentally, certain w"ell defined and advanced forms of gastritis 
deserve very definite consideration 

The association of the so-called giant rugae on the greater cun^ature 
of the stomach wuth hypertrophic gastritis has received much attention 
The gross crenelation of the border of the greater cur\"ature simulating 
an early neoplastic defect, the distortion and erasure of the outermost 
folds and the undue prominence and exaggeration of the lateral and 
longitudinal folds of the fundus and corpus have frequently been inter- 
preted as being based upon a hyperplastic gastritis with edema, conges- 
tion and broadening of the base of the folds as evidence of a disease 
process This picture has been dealt wnth by Kantor,^® Forssell,^^ L G 
Cole''* and others It is truly a very confusing radiographic phenomenon, 
one w"hich requires accurate knowdedge and interpretation to prevent 
the mistake, either of operating upon a supposed carcinomatous defect 
of the greater cur\"ature, or of failing to explore a positive and deserving 
case on the hypothesis that the defect is to be interpreted as a chronic 
hyperplastic gastritis 

AVc have had experience wTth eight such cases, in w Inch the symptoms 
consisted of abdominal distress, cp]g.isrric pain, anorexia, loss of w eight 
and occasionally even a severe anemia The course was usually a short 
one of a few months or \ ears w Inch, associated w ith the greater cun ature 
defect and the exaggerated folds, cle\erly simulated a neoplastic infiltra- 
tion Six of these cases were operated upon and explored In three 
insnnces the greater cun ature x\all was reported as thickened or 
dilTusclv indurated, in three others the stomach was normal bv palpa- 
tion Fortunucly biopsies were taken in the first three instances in 
in attempt to define the underlying pathological process On inspec- 
tion it the operiting nble the mucosi appeared cobblestone in appear- 
ance, huge cercbriform gi ri were present, the rugae thickened, mucosa 
nor ibnormil in appcinnce TIic histologic il appeirance of the three 
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mucosa is in general thickened and hyperplastic, often to the point of 
actual polypoid formation, the polyp or polyps projecting from a broad 
base simulating a neoplastic degeneration 

At other localities, areas of atrophic mucosa are seen representing an 
end stage of atrophic gastritis The surface of the rugal folds may show 
superficial minute erosions or larger discrete ulcerations with rounded 
overhanging edges ndnch, noth the gastroscope, appear turgid and con- 
gested and easily friable The submucosa is often enormously thickened 
like that of a linitis plastica, the muscularis propria is hypertrophied to 
a width several times its normal depth and resembles the benign hyper- 
trophic pyloric stenosis described in the literature (Boas,^” Konjetzn\,^“ 
Cruveilhier"'*) 

Histologically, the mucosal thickness vdiich is normally i 2 to i 4 
millimeters in cross-section may be nvo or more times that diameter so 
that with the submucosal and muscular hypertrophy the whole simulates 
a new growth or a pyloric hypertrophy of organic origin 

The symptoms which accompany so definite a pathological process 
are equally definite They simulate the picture of a benign ulceration of 
the prepyloric or antral region, only the gastroscope or an explorator)^ 
operation being capable of differentiating the conflicting symptoms 
Pam and heartburn are the outstanding features in the ulcer-like cases, 


nausea and vomiting and weight loss those of the carcinoma-like instances 
The epigastric distress and pain with anorexia and heartburn are usually 


more continuous than in ulcer, periodicity is lacking, the course is more 


rapid and severe and the general loss of v''eight and strength, more 


significant 

High normal or hyperacid secretory cun'^es accompany the ulcer 
type The gastroscopic examination usually shows an edematous, thick- 
ened mucosa, marked congestion, single or multiple superficial ulcera- 
tions with occasional deep penetrating Dieulafoy type of erosion Healing 
of these ulcerations may be observed at successive gastroscopies In one 
patient resection was done under the mistaken impression that he had a 


neoplasm The mucosa when seen grossly \vas cobblestone in appearance 
and resembled the mottled areas described by Schatzki vith spot radio- 
graphic films Histologically a diffuse polypoid infiltrating gastritis of 
all the walls of the antrum was seen (Figures i and 2) 

In these cases radiography is usually msufficient to differentiate these 
benign from potentially malignant conditions, an antral defect is per- 




1 ifT 1 — P<il\])Oiil intril ^istritis 


sistcnt ind repeatedly demonstrable, the presence of the severe gastritis 
and of deep erosions throwing the antrum into spasm simulating a 
neoplastic defect 

The type of case resembling from its initiation the picture of an antral 
tumor IS described by Florckcn is still more confusing (Table III) 
In this group anorexn \omiting, epigastric discomfort and a rapid and 
set ere loss of w eight are alarming and progressu c features The course 
IS one of months rither than a ears Anacidity is the rule though tvso of 
the fi\e ciscs had low normal titers Hematemesis and melena occur, 
though infrcc|ucntl\ as seen in the literature (Benedict'"), one of our 
CISCS showed gross bleeding The \omiting may well simulate that of 
true p\ lone stenosis due to a cicatnring duodenal ulcer The hypertrophy 
of the p^ lone md antral musculature issufficicnth ob\ lous in the resected 
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Fig 2 — Severe atropine gastritis vith intestinal met iplasia 
of the surface epithelium 


specimen to explain the persistent emesis (Figure 3) Radiography 
demonstrates a filling defect of the antrum with prepyloric narrowing, 
lengthening of the pyloric canal (Kirldin and Harris""), infiltration of 
lesser and greater curvatures of the antrum and occasionally a true polyp 
formation as evidenced by an enduring lurmnosity or area of lesser density 
m one spot of the antral wall 

All of the five patients were subjected to resection under the impres 
Sion of malignancy, all of them in the pregastroscopy days The gross 
specimens showed marked and tumor-like thickening of the antral v a 
polypoid mucosal hypertrophies, and a rigid thickened pylorus 

The etiology of antral gastritis is not clear Alcohol cannot 
indicted, nor do nutritional factors, faulty dentition, previous in ect 
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nor unhygienic eating habits seem to he sufficiently unusual or potent to 
give rise to so severe a lesion In spite of its seventy, the course and prog- 
nosis of antral gastritis is relatively benign The ulcer-like cases react well 
to restricted modified Sippy diet and alkalies, together with bed rest and 
change of habits of life Rest and recreation are essential We have used 
no gastric lavage though Hurst is enthusiastic about the employment of 
dilute hydrogen peroxide V arious bland medicaments have been recom- 
mended by others The recognition of the disease process clarifies the 
problem Here one leans most heavily on the gastroscopist, for on him 
falls the task and responsibility of differentiating the benign from the 
malignant and of outlining the therapeutic schedule 

Presumably even in the benign cases with polypoid formation and 
pyloric hypertrophy and stenosis, resection \\ ill at times become essential 
Perhaps, with more popular and universal use of the gastroscope, earlier 
recognition of the cases will obviate extensive surgical procedure 

Conclusions 

We have observed that the gastroscopic picture of a chronic gastritis 
with difficulty IS associated with any known histological change in the 
mucosa, and that secretory and radiographic diagnostic features are 
missing Only with hesitation may u e draw upon a clinical symptoma- 
tology that will express in pathognomonic or even suggestive manner the 
meaning of hyperplasias and atrophies seen through the flexible instru- 
ment Yet, in Its advanced stages we recognize until facility a type of 
antral gastritis that is well defined, that has clear-cut though not dis- 
tinguishing characteristics, a persistent radiographic defect, and often 
secretory deficiencies 

Is this latter picture the end-stage of all those less well-defined appear- 
ances that the gastroscopist terms chronic gastritis^ Or, is that u Inch he 
sees merely a pathological deviation of function that is subclinical and 
lacking in a true morphological substratum'^ 

For decades no clinician has ventured the clinical diagnosis of chronic 
gastritis Today, a gastroscopist as well-known as Gutzeit declares that 
gastritis IS probably the most common disease of mankind The transition 
IS too radical and extreme to permit such a reversal of all previous 
concepts without deliberate and cautious study, not only by the instru 
mentalist but by the body of observing physicians and pathologists 
Let us ask more time and more experience so that, with sound ju ^ 
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ment, we may recognize the outstanding features of a climcal syndrome 
and Its course and progress before we formulate conclusions regardmg 
the sigmficance of these visual observations At the same time, the recog- 
mtion of the well-defined end-picture of antral gastritis, with its medical 
and surgical and diagnostic difficulties, calls for further research, more 
education and a greater diffusion of the knowledge derived from this 
study Throughout, we depend upon the gastroscopist, for in his vision 
and perspicacity, and in the correct reporting and mterpretanon of his 
findings lies the future of the subject 
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VITAMIN A 

WITH SPECIAL REFERENCE TO THERAPY* 

Arthur M Y’udkin 


PSZSHSESZSESEgcRji'iCAL REVIEW of the advancement of science reveals the 
a startling fact that the knowledge of nutrmon has played 
g an important role in the development of modern medi- 
H cine At no period m the history of science has the 
SesssHSHSHSESa progress of medical knovdedge been so swift as m the 
last quarter of a century The valuable contributions from the laboratories 
of Osborn and MendeP and McCollum and Davis^ were amonsr the first 

O 

in the present era of vitamm therapy Their contributions inspired other 
laboratory workers v'^ho m turn helped implant more firmly the idea that 
diseases may be due to dietary deficiencies 

It was not until the fundamentals of an adequate diet v ere demon- 
strated that a relationship between faulty diet and the so-called deficiency 
diseases could be demonstrated When the more important clinical mani- 
festations of the disturbance are present it is not difficult to diagnose a 
deficiency disease 

It seems almost unbelievable that this condition should prevail in 
the United States where it seems reasonable to believe that the majority 
of the people receive enough of the food accessory factors in their daily 
diet to ward off a lutamin deficiency Nevertheless, we are confronted 
with reports of borderline cases or subclimcal states of dietary defici- 
encies It IS possible that these conditions are more readily detected 
because of the better understanding of the subject and because of their 
similarity to some of the disturbances produced experimentally in the 
laboratory animal by deficient diets ^ It has also been obsen'ed that 
qualitative and quantitative errors in the diet frequently play^ a tre- 
mendous part in the etiolog}'" of human illness It is noteworthy that 
vitamin deficiency occurs in all ages and is not confined to the poor 
classes but can and does occur even in prosperous communities 
To the clinician it may seem rather improper to interpret the 
tions of the human body largely in terms of pathologic findings obsen e 

•Read February 2 1939 at The New ^ ork Xcademy of Medicine 'D ‘J’' of Med™ne 
From the Section of Opht1nlmolog> Department of Surger> i ile u 
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in laboratory animals on special deficiency diets, but to one m ho has had 
the privilege of practicing medicine and participating in laboratory 
experimentation as well, it is understandable that use be made of this 
method of comparison It is not altogether satisfactory from a scientific 
point of view to study large groups of people subsisting on poor diets, 
for under ordinary circumstances a diet deficient in one vitamin is hkely 
to be unbalanced with regard to other vitamins, minerals, and basic food 
factors It therefore became necessary to resort to experimental investi- 
gation for this knowledge 

Sufficient experimental evidence is at hand to warrant the conclusion 
that \ itamin A is very essential for the maintenance of a satisfactory^ state 
of nutrition, normal growth, and health at all ages Furthermore, 
Sherman^ and his co-workers have reported that frequently a proportion 
of vitamin A in the food, sufficient to support normal growth and main- 
tain e\ erv appearance of good health for a long time, may snll be in- 
sufficient to meet the added nutrmve demands of successful reproduction 
and lactation Such observations as these emphasize to the clinician and 
student of nutrition alike the importance of ascertaining m hat constitutes 
the optimal intake of the various dietary essentials under all conditions of 
life There should be greater emphasis placed on the optimum as con- 
trasted M ith a merely satisfactory diet Ei idently a diet may be satisfac- 
tory, \ ct fail in some measure to meet the needs of the orsamsm 


Tun NAtlrc, Phxsiologx xkd Sources of \^iTx\nv A 

From the early experience with vitamin A and the substances haiina 
a \ itamin A effect it w as noted that se\ oral forms of precursors must be 
present in nature Foods having a \cIlow or green color are generally 
rich sources of this \ itamin In plants the \ itamin actniry was traced to 
the presence of cirotinoid pigments These pigments seem to be closely 
associated w ith chloroph\ 11 in plant life It has been show n that the 
quannts of cI 1 loroph^ 11 may be considered as an index of carotene con- 
tent of green plants It wns also obsened that natural yellow^ color may 
be a rough quahntiv e guide for the selection of a itamin A actn e animal 
products for it seems to indicate the consumpnon of carotenoids and 
\ Itamin \ precursors b\ the animals If the animal is capable of trans- 
forming cirotenc to Mtiinin A the fatn animal products are apt to 
connin some Mtnnin \ regardless of the color of the product, some 
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products may even be excepaonally rich in vitamin A and relanvely 
poor in pigment Certain of the fish liver oils have this charactensuc, 
notably that of the halibut and the burbot 

Vegetable carotene is usually present in nature as a rruxture of 
several forms These have been classified as alpha, beta, and gamma 
carotene The only other substance found to behave like the carotenes m 
acung as a precursor of vitamin A is cr)’-pto\anthin The carotene which 
seems to bear the closest chemical and biochemical relauon to vitamin A 
IS the beta isomer The chemist tells us tliat it is a nitrogen free, alphanc, 
methylated polyene having two identical, unsaturated, methylated term- 
inal rings By comparing the formula for vitamm A with that for beta 
carotene it may be pointed out that the one molecule of beta carotene 
gives rise to two molecules of the primary alcohol vitamin A In spite of 
the accumulated circumstantial evidence pointing to its actual chemical 
configuration, it is soil important for science that the natural vitamm A 
be isolated in pure form and made available for clinical use There are 
some recent reports® indicating that this has been accomplished but as 
yet they have not been confirmed Similarly the conversion of carotene 
to vitamin A has not yet been accomphshed by chemical procedures 
In VIVO, however, the liver is accredited as the site for the formation of 
vitamin A in animals but the detail of the process has not been elucidated 
It IS known that a considerable amount of the mgested carotene 
appears in the blood and is deposited in the adipose tissue of man and 
animal It has also been shown that after carotene is absorbed into the 
thoracic duct it is found in the liver When a colloidal aqueous suspen- 
sion of carotene is in)ected into the portal or systemic curculation it is 
rapidly removed from the blood stream by the reticulo-endothehal 
system It has been suggested^ that the liver cells are necessary for the 
conversion of carotene to vitamin A by the fact that the conversion 
IS decreased by phosphorus poisoning,® and in certain diseases of cattle 
which mvolve the parenchymal cells, carotene remains unconverted in 
large quantities m the Kupffer cells It is known that vitaimn A may dis- 
appear from the blood during stanmdon and during infection, even 
though considerable stores may remain in the liver 

According to Clausen® the vitamin A of natural oils and fats occurs 
as an ester, in preparations made by sapomfication it occurs as a ree 
alcohol A^Ten the vitamin was administered as a free alcohol it vas 
found in the lymph mainly in the esterified condition It therefore appears 
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that the mechanism of absorption of vitamm A mcludes linkage with 
fatty acids probably in the intestinal wall Such linkage is impossible in 
the case of the hydrocarbon carotene, a fact which may explain its lower 
coefficient power of absorption There is evidence that the vitamin is 
absorbed as a bile acid compound, transported in the blood and lymph 
as a fatty acid ester, and stored in the liver as a similar compound This 
suggests that the vitamm performs its biochemical function in chemical 
combination with other substances rather than as a free substance 

Vitamin A and its precursors exhibit characteristic differences in 
absorption from the intestinal tract and certain physiologic conditions 
have been reported which alter the utilization of vitamm A and its caro- 
tene precursors It is known that bile is essential for the utihzaaon of 
carotene but apparently not for the utilization of vitamm A, for if bile 
IS shunted from the small intestine to the colon, the utilization of carotene 
IS prevented It has been shown that liquid petrolatum does not interfere 
markedly with absorption of vitamin A from the intestine but does 
inhibit the absorption of carotene The composition of the diet other than 
Its vitamm A content, has been reported to afFect the absorption and 
utilization of both vitamm A and the precursors called provitamin A 
Absorption and utilization of vitamm A and carotene are affected by the 
quantity administered and the manner of administration, and the general 
physiologic conditions of the alimentary tract 

Storage of ^^1TA^IIN A ix the Body 

Experimentally it has been shown that most animals have a remark- 
able capacity for the storage of vitamin A It is rather significant that 
most of the accumulated i itamin A in the body is present m the hver and 
small amounts appear in the lungs and the kidneys It has been estimated 
that the vitamm A concentration of the liver of man, the rat, and cov, 
on a normal intake is from 10 to 20 mg per hundred grams The vita- 
min A content is mucii lov cr m the In er at birth than in the In er of the 
normal adult Thus it n ould seem that the accumulation of vitamin A in 
the In cr tends to increase n ith age The amount present is dependent on 
the character of the diet The surprisingly low resen c of t itamm A in the 

newborn makes plain the ncccssitx' for an adequate intake of \itamin A 
during infancy 

The rat m-w in a few da\ s store enough \ itamm A to supply its nutri- 
noml requirements for several months In times of low intake this store 
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IS used to supply physiologic needs It has been noted that during a 
prolonged deficiency the reserve is gradually depleted, normal cell func- 
tions are suspended, and pathologic change develops Chronic diseases 
and infections seem to lead to slightly loivered vitamin A reserve It is 
assumed that this takes place because of reduced intake of vitamin A 
or of decreased assimilation in the alimentary tract and increased meta- 
bolic demands 

The Stabiliti' of Vitamin A and Carotene 

Then the question arises as to the stability of these vitamin A values 
It has been amply demonstrated that the physiologic activity of both 
vitamin A and carotene may be rapidly destroyed at high temperatures 
when oxygen or an oxidizing agent is present According to Eddy and 
Dalldorf^® the stability of any source of vitamin A will depend on the 
exposure of the vitamin or provitamin to oxidizing factors, to the presence 
or the absence of protecting factors, such as anti-oxidants in the holding 
source, or to the skill of the manufacturer in avoiding the acuon of 
oxidation in the preparation and merchandising of the vitamin sources 
Practically all plant sources and animal sources shov progressive destruc- 
tion of the vitamin A during storage unless measures are taken to prevent 
fermentation and oxidation Frozen products, hov ever, seem to retain 
their vitamin A value v'-ell, whereas dehydration may be destructive to 
vitarmn A unless quick drying to inactivate enzymes is utilized to prevent 
the destruction Heat treatment in ordinary cooking operations appears 
to destroy little of the vitamin A value, perhaps because the carotene is 
less labile in plant tissues than is vitamin A itself It is nor readily affected 
at the ordinary temperatures of boiling and baking but is destroyed at 
high temperatures such as those obtained in frjnng It is said that the 
destruction of vitamins is less when foods are heated at high temperatures 
for short periods than when they are heated at low temperatures for long 
periods Although vitamin A is only slightly soluble in water, only small 
quantities of water or no water at all should be used in cooking Steam- 
ing IS one of the preferred methods for cooking, since the time required 
IS short and the amount of water used is small 

Experimental Obser\ ations 

It IS evident from the early animal experimentation that there must 
be some relation between vitamin A deficiency and poor dark-adaptation 
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of the eyes At first it was difficult to understand what part vitamin A 
played in the process until it was disclosed that the rate of regeneration 
of visual purple after its bleaching by a bright light in the livmg ammal 
w^as less in the rats receiving the deficient diet than in the controls 
Pathological changes were obsen^ed at the chorioretmal junction (layer 
of Brucke) of the eyes removed from these animals It was shown that 
the fat extracted from normal retinae (of several species) is one of the 
richest sources of vitamin A substances This finding suggested the 
possible relation of the vitamin A content of the retina and visual purple 
Wald'® succeeded in demonstratmg in animals, birds, and amphibians 
that vitamin A was the prevailing substance in the extracted material of 
the retina He also observ^ed that visual purple on bleaching yielded a 
carotenoid which he called retmene Retmene under certain conditions 
changed slowly to vitamin A and more rapidly to visual purple On the 
basis of these observations Wald developed an equation which sets forth 
certain speculations on the chemical reactions which might take place 
in the rod and cone layer of the retina during dark-adaptation after the 
ocuhr tissue had been previousi)’’ exposed to light 

A similar obsen'^anon was made by Kuhne" some sixty years ago 
when he noted that the visual purple in rat and rabbit retinae may be 
synthesized in two ways — a slow process in which the visual purple was 
developed from newly supplied materials, and a more rapid one in which 
the photoproducts of the stimulated retina were the starting point Until 
recently the variation of the visual threshold in dark-adapted eyes was 
attributed to changes in the rods alone, but Hecht and his co-workers'® 
demonstrated that the cones likewise play a significant role in this visual 
cycle They conclude'® from a study of thirteen persons afflicted with 
chronic liver disease that there is a true parallelism m the behavior of 
cone and rod thresholds in dark-adaptation and its response to \ itamin A 
thcrapt 

A sun c\ of old records rc\ eals the frequent association of ocular 
diseases with famines caused by drought or war Ophthalmologrsts base 
rcpcatcdh attributed night blindness or hemeralopia xerophthalmia 
corned lesions and seteral forms of chorioretinitis to faulty nutrition 
1 hese c\ c disturb mccs in man result from conditions so complicated that 
It IS not possible without further ecidcncc to attribute ail of them to a 
specific stanirion of a single Mtimin Ilowcter outspoken Mtamin A 
dcticicncs in mm appeirs to ha\c been somewhat more common in 
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Europe and Asia than in this country Recent studies in the United States 
would seem to indicate a surprising prevalence of subclinical vitamin A 
deficiency, parncularly among children The diagnosis is based on the 
assumption that individuals who show poor dark-adaptation have a 
vitamin A deficiency 

Dark-adaptanon is the change in light sensiovity which the eve 
undergoes in the dark following a stay in the light It is an established 
clinical experience that hemeralopia may occur in poorly nourished 
persons and that great mental or physical exertion and exposure to glaring 
light may bring on the condition or aggravate an existing hemeralopia 
Smce dark-adaptation is mainly a phenomenon of rod and somewhat of 
cone function and is associated with the regeneration of visual purple, 
investigators have applied various means for the measurement of the 
rate of dark-adaptation to the problem of estimating vitamin A require- 
ments of human beincrs 

O 

These several methods which Avere recently described in special 
articles in the Journal of the American Medical Association^^ involve a 
principle which is common to all, namely, the measurement of the power 
of the eyes to adapt themselves to dim illumination Some of these instru- 
ments are i^ery simple while others are too complicated to be apphed in 
routine clinical examination As yet no one instrument fulfills all the 
necessary refinements for the measurement of dark-adaptation in people 
of all ages 

Clinical experience leads me to believe that there are several factors 
which may mfluence dark-adaptauon, for instance, using the fundus 
ocuh as a criterion, true light complexioned individuals (blonds) seem 
to have a different norm from that of the dark complexioned individuals 
(brunets) , prolonged dark-adaptation is present in a variety of diseases, 
e g , retimus pigmentosa, retinitis albescens, choroideremia, glaucoma, and 
many others It is important to point out that night-blmd persons show 
poor dark-adaptation but poor dark-adaptation does not signify night 
blmdness In the latter instance the poor dark-adaptation comes on after 
exposmg the retma to bright light This is probably the condition that 
we are dealing with in vitamm A deficiency There is another type of 
retinal disturbance which is called “glare-blindness,” a condition which 
IS often considered as nyctalopia in contrast to the condition of poor 
adaptation to dark known as hemeralopia This also has been alluded to as 

a vitamin A deficiency 
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Clixical Observatioxs 

Vitamin A deficiency is practically unknown m nurslings, never- 
theless, when the mother suffers from malnutriuon, the nurslmg wdl 
also present manifestations of deficiency disease The usual history of this 
type of disturbance reveals that the infant has been fed on a diet con- 
taining either insufficient milk, prepared milk, or no milk products at 
all over a period of at least one or two months, m many instances a 
digestive disorder may precede the onset of symptoms resulting m a 
diminished food intake together with imperfect absorption of the food 
consumed Simultaneously there is a failure to gam in weight, and this 
may be followed by an actual weight loss The normal activity of the 
child IS diminished The skin may become dry and scaly In older chil- 
dren the eyes may show a viscid, stringy conjunctival secretion, matting 
the lids together When the discharge is removed the cornea is clear and 
the conjunctiva is not congested There is present, a marked photophobia 
and blepharospasm which is aggravated by exposure to light As the 
condition progresses, a dryness of the bulbar and palpebral conjuncava 
takes place with a typical Bitot’s plaque adherent to the exposed con- 
junctiva of the eyeball The cornea may now show small single or mul- 
tiple ulcers Mdiich, if unchecked, go on to perforation of the cornea 
Sooner or later hypopyon may result In older children the eye condi- 
tion often does not progress beyond a xerosis conjuncovae, and corneal 
destruction is less frequent even with a long period of vitamin stan^ation 
In infancy the course of the disease is more rapid This may be due to 
the greater need of the vitamin for growth As the disease progresses, 
intcrcurrent infections of the skin, lungs, and urmary tract may occur, 
and finally the condition may terminate in bronchopneumonia or a 
diarrheal disorder 

Characteristic lesions of the human skin have been attributed to 
iitimin A deficiency The lesions usually occur in sexually mature 
persons bctM een sixteen and thirt)^ years of age They are much more 
frequent in men than in m omen The disturbance appears first on the 
anterolateral surface of the thighs and posterolateral portion of the 
upper forearm and later spreads to the adjacent areas of the skin The 
lesion consists of small pigmented papules at the site of the hair follicles 
\t first they appear as papules Mith keratitic plu^s, later some of them 
del clop into pustules The skin is dr^r and scaly Atrophy of the sueat 
ghnds and kcruimrmg metaplasia of their ducts are responsible for the 
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condition There is a general increase m the pigmentation of the skin 
It has been suggested that gastric ulcers may be associated with 
vitamin A deficiency, but this condition is rather rare in the laboraton' 
animals and in man Likewise it has been said that diets deficient in 
vitamin A may cause urinary calculi This assumption was based on the 
presence of urinary stones in experimental animals deficient in vitamin A 
and D and unbalanced in mineral content This finding has not been 
corroborated by most investigators Clausen® points out that although 
urinary calculi may be produced in experimental animals by feeding 
special diets, the factors involved are not yet clearly defined 

Although the vaginal mucous membrane becomes permanently corni- 
fied m animals deprived of vitamin A and the vaginal smear may be used 
as a method for the detection of the deficiency, the effects of moderate 
deficiency of vitamin A on fertilir\'- in man are unknovm Bessey and 
Wolbach' however, believe that atrophy of the testes and keratini7ing 
metaplasia of the uterine mucosa may be expected in human adults 


Prophx laxts 

It IS apparent that the prevention of A-avitaminosis depends upon 
two factors the supplying of a sufficient quantity of vitamin A in the 
diet of the individual and the proper absorption of this factor How much 
vitamin A is necessar)'' for the maintenance of normal growth and health 
in the individuaP We have as yet insufficient knov ledge of the amount 
of vitamin A in the diet requisite for health However, several imestiga- 
tors have made measurements of the minima for different species of 
laboratory animals and these might be regarded as offering suggestion 
CowgilF" suggests that at least 400 international units per 1 00 calories per 
day IS necessary for a child This is based on the consideration of the 
maximum amount of vitamin A ever found in human milk and the idea 
that this might be nature’s suggestion of an appropriate intake for the 
infant This rvould lead one to assume that the ordinary diet contains 
sufficient vitamin A vdien cow’s milk, butter, eggs, and certain vegetables 
and fruits are included One must remember, hov ever, that cow s milk 
may have a seasonal variation in its vitamin content dependent upon the 
diet of the cow Since cow^’s milk runs about one-tenth to one-quarter 0 
vitamin A value as compared with human milk, and cow s milk is the 
chief component given babies, it is obvious that there is justification 0 
feeding vitamin A to the infant The administration of one to t\\ 0 tea 
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spoonfuls of standard cod-liver oil daily, will amply protect against an\ 
vitamin A deficiency no matter what the child’s diet 

Harns^^ placed the minimal daily requirement at 1,000 units (U S P ) 
Jeghers^^ estimated that 4,000 international units of vitamin A daily rep- 
resents the minimal requirement for a healthy adult Growing children 
should be allowed twice this amount Cameron'^ advised an optional 
intake of 5,000 units According to Guilbert, Miller and Hughes-” a 
level of vitamin A or carotene intake which is just sufficient to prevent 
gross signs of hemeralopia suffices also for excellent gains in eight and 
for maintenance of a thrifty physical appearance of animals for indefinite 
periods, although the storage of the vitamin in the body may be very 
meager indeed These workers report that several species of animals 
(cattle, sheep, and swine) differing widely in body weight showed 
almost identical requirements for vitamin A or carotene per kilogram of 
body M eight for the prevention of hemeralopia 

It IS estimated that the foods recommended by the Health Committee 
of the League of Nations-^ would approximate a daily intake of 2,000 to 
4,000 units for an adult and at least 5,000 U S P or international units of 
vitamin A for the pregnant and nursing w oman and 6,000 to 8,000 units 
of vitamin A daily for growing children 

The mere recital of these many figures emphasizes the fact that we 
arc becoming reasonably quantitatn e in our approach to this problem 
There may be some disagreement as to the exact requirement, but time 
will no doubt resoh e this controa ersy Inasmuch as the \ itamin appears 
to be nontoxic, the clinician need not be unduly concerned if he chooses 
to gi\ c doses M cll ibo\ e e\ en the highest estimates just cited 

TRbXTXIEVT 

Ob\ louslv tw o lines of theripv suggest rhemseh es ( i ) the use of a 
high \itimin A diet, and (2) the adniinistrition of the concentrates or 
the pure substincc in hrge doses Inasmuch as the relief of deficiency 
symptoms seems quite dcfiniteU related to the amount of the needed 
ficmr supplied, up to the abihtx of the orgimsm to utilize the vitamin. 
It is es idcnt that the use of 1 high Mtimin diet is of aalue chiefly m pro- 
pin 1 ixis md in support of other thcripv It u ould probably be impossible 
to gi\ e the most elTcctn c therapeutic dosage simpiv by feeding an cxcel- 
knt diet The use of \ mous concentrates and the pure aitamm, at hen it 
becomes n ulibk is dcfiniteh indicated therefore uhen marked sxmp- 
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toms of Vitamin A deficiency appear Patients suffering from this defi- 
ciency disease should be treated with a form of vitamin A that can be 
completely utilized A^^hen cod-liver oil or other fish oils are not tolerated 
their concentrates are valuable Some clinicians use carotene in these 
cases In urgent cases v^here the digestion will not tolerate these sub- 
stances, It IS possible to admmister vitamin A by an mtramuscular injec- 
tion of a cod-hver oil concentrate or the pure substance when it becomes 
available In the advanced cases which occur so frequently m infanc\, 
the digestion is often disordered and this must be treated carefully in 
order to allow the proper absorption of the vitamin A administered 


SUAlAIARy 

It IS apparent that vitamin A is a dietary essential, that conditions due 
to the lack of it occur and that these may be treated by numerous available 
sources of the vitamin An attempt has been made to point out the limita- 
tions of the present knowledge concerning these conditions and their 
treatment Although great progress has been made, vnth a contmuation 
of research, v e may confidently look forv^ard to greater advances m our 
knowledge in this field 
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IN MEMORIAM 


William Hallock Park 
1863-1939 

M itli the (leith of Dr At illnni Hdllotk 
Park on April 6, there 1ns passed from us 1 
lovable, distinguished ind modest scientist 
whose work m tlie solution of major health 
problems brought intslculable benefits to 
mankind, ind shed luster on American 
medicine 

Horn in 'West Eleventh Street on Detem- 
ber 10, 1861, the son of Rufus Park and 
Marv Hallock Park, Dr Park’s entire life 
was spent in ind hound up with New "iork 
Citv ind its institutions At the age of 
twentv he graduated from the College of the 
Citv of New Iork, three vears later he re- 
ceived the degree of Doctor of Medicine 
from the College of Phvsicians and Surgeons 
Then c inie an internship it the Roosevelt 
Hospital, and postgradii ite studj in N lenna 
On his return from abroad, a modest 
scliolarship placed at his disposal In Profes- 
sor Prudden enabled Dr Park to undertake 
a b icteriologic d studv of diphtbcna, a studv 
whiili led to his entrance into the ncwlv es 
tabhshed di ignostit 1 ihoratorv of the He illh 
Dopirlmcnt, \pril ISO? Here Dr Park in- 
troduced the scruin culture outfits for mak- 
ing thro it cultures, a method still used 
throughout the vvorld Following the favor- 
able reports concerning the ncwlv discovered 
antitoMii for diphtheria. Dr Park In the end 
of IhOt begin jirodiiciiig the first antitoxin 
niiidi outside of I uro])e 

111 ibniig that Dr Park was far too valu- 
abh 1 seientisl to keep at routine bactcrio- 
logn d work Dr lliniiinn Michael Iligirs in 
I86’> istiblished a Research L ihoratorv, in 
quarters over the disinfecting station ad- 
loming tin M ilhrd Parker Hospital on East 
'si\t<<nth s,trcct ind placid Dr P irk in 
eh irgc 

In tlic s iiue veir the Xnivcrsitv and 
IhllcMic Hospital Mcdual College appointed 
Dr Pirk instriK tor in CXI it igioiis diseases 
Ibus tiegin tint not ihh < ircer m ti aching 
"huh dunlin 'he next fortv ‘wo m irs inflii 


encecl thousands of phvsicians who received 
their training at that famous medical school, 
and manv other thousands of students who 
used Dr Park's text book in their studv of 
bacteriologx 

Dr Park thus held two positions and did 
a splendid job in each In the health depart- 
ment, bis direction of the Research Labora- 
torv quicklv made it one of the foremost 
institutions of its kind, while at the medical 
school he built up an outstanding depart- 
ment of baeteriologv and livgiene of winch 
bv 1900 he was full professor In 1933 Ins 
title was changed to Biggs Professor of 
Preventive Medicine and Director of the 
Bacteriological Laboratorv, m which posi- 
tion Dr Park continued until Ins retirement 
in 193" 

In 1901, when the New Fork Countv Med- 
ic il Societv organized its commission to 
supervise the production of “certified milk,” 
Dr Park was placed in charge of the labora- 
torv work and field inspection This marked 
Ins entrance into the field of milk sanitation, 
in which he quicklv became the recognized 
luthoritv Moreover, as head of the Health 
Depirtment Laboratories, the experience 
thus g lined with certified milk made Dr 
Pirk in inv diiable adviser to the Depart- 
ment of Heilth in iLs efforts to provide safe 
milk for New Fork Citv 

One often he irs efficiencv experts sav that 
one lannot hold two jobs at once and do 
them well Dr Picks career shows that he 
dvvavs filltd more than two and that each 
contributed to the accomplishment of the 
other His teaching at the medical college 
w IS nndoiibtcdlv better, more practical and 
more ipphcable because of his connection 
' ifh (he Health Department his experience 
at the College certainlv fitted him better to 
devise means wherein the Heilth Depart- 
ment could more effectivelv aid phvsicians 
m their viork his experience on the Re- 
gints Board of FIcdical Examiners helped 
both nieoical schools and health departments 
in pi inning for the teaching of public health 

ui prcvintivc tnedume his conmction with 



THE BULLETIN 


422 


the Certified Milk Commission was of ines- 
timable \ nine alike to ph\ sicians, to health 
authorities and to the milk mdustr\ , and 
finalh his prestige as a scientist encouraged 
financial suppoit of public health and medi- 
cal education 

Dr Park’s laboratorc at East Sixteenth 
Street was the Mecca of scientists from all 
01 er the iiorld And no iionder, for, figura- 
tneh speaking, there were no doors to his 
laboraton Visitors ere ahi ai s m elcome 
and were neier denied the opportuniti to 
obsene the -work and metliods emploied, no 
one nent ana\ without lining recened help 
and inspiration 

It IS impossible in this brief memoir to 
indicate the enormous influence mIiicIi Dr 


Paiks Moik had in the niani fields in iilurt 
he was actne Diphtheria, Uphold feier, 
chsenten, tuberculosis, pneumonin, menm 
gitis, rabies, serum concentration, milk cam 
tation and pasteurization — these are a few 
of the siibiects to Clinch Ins laboraton nnde 
major contributions Throughout all of Dr 
Park’s work one notes the accuraci and 
scrupulous honest! in reporting olisenations 
and the insistence of adequate controls for 
all experimental im estigations 

1 he best and truest memorial to Dr Park 
IS his accomplishment for hunianit\ ind this 
!\e mn\ Msualue rather as a Ining and con 
tinning influence and inspiration thin soleh 
the fulfilment of a noble life 

Ch CRIES F Bournes 
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Edgar, Jasies Cliftok Round Hill Road, 
Greenwich, Connecticut, born m New York 
Citj, June 14, 1859, died m Greenwich, Con- 
necticut, April 8, 1939, receieed from La- 
fiiette College the degrees of Ph B in 1882 
and AM m 1884, graduated in medicine 
from New Tork Cnnersite Medical College 
of New 1 ork CiU in 1885, elected a Fellow 
of the Academe Februare C, 1890 

Dr Edgar was emeritus professor of ob- 
stetrics at Cornell Lnnersite Medical Col- 
lege, consulting obstetrician to Belleeue 
Hospital and obstetrician to the Manhattan 
Matermte Hospital and Dispensare He 
was a Fellow of the American College of 
Surgeons, a member of the American Medi- 
cal 'Vssociation, the American Ge necological 
Societe, the New York Obstetrical Societi 
and the State and Count! Medical Societies 
Dr Edgar w as the author of a notcable 
book on the practice of obstetrics, and con- 


tributed man! articles to the liter iturc of 
his special field 

KE>'iOx, Jasies Hexbi 563 Park Aienuc, 
New Tork Citj , born in Cannons! die, Ne« 
York, Juh 9, 1872, died in New lork Cif\, 
April 10, 1939, recened the degree of BS 
trom Princeton Universitj in 1894, grad 
uated in medicine from the College of Ph\- 
sicians and Surgeons, New lork Cit!, in 
1898 elected a Fellow of the Acadein! Mm 
5, 1904 

Dr Ken! on was surgeon to Fordliam Hos- 
pital, consulting surgeon to Booth Aleiiiornl 
and associate surgeon to the New ^ork 
Neurologieal Institute He was a Fellow of 
the \merican Medical Association, a Fellow 
of the American College of Surgeons a 
member of the -kmerican Association for 
Thoracic Surger!, the New York Surgira! 
Societ! and the Count! and State Medical 
Societies 

P!RK, Mieeiasi Haeeocx 333 Ea't 6S 
Street, New Aork Cit! , born in New lork 
Cit!, December 30, 1863, died in New lort 
Cit!, April 6, 1939, recened the degree o 
\ B from the College of the Cit! o ^ « 
Tork in 1883, gradii ited in medicine rom 
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the College of Physicians and Surgeons in 
New York in 1886, awarded the degrees of 
LLD from Queens Unuersity, Kingston, 
Canada, in 1910, and D Sc from New York 
Cniversitv in 1926, "iale Lniiersitv in 1929 
and Columbia Unnersitj m 1929, elected a 
■ Fellow of the Academy April 7, 1892 He 
w as \ ice-President of the Academj in 1927, 
1928 and 1929 

Dr Park was professor of bacteriologj 
and hygiene at Neyy "iork Lniyersity and 
Belley ue Hospital Medical College, 1897- 
1937, director of the New "iork Public 
Hcaltli Dep irtinent. Bureau of Laboratories, 
1894-1937, and its director emeritus since 
1937, consulting bacteriologist to the State 
Department of Health since 1914, and its 
medic il examiner in bacteriology since 1917, 
consulting bacteriologist to the I nited 
States Quarantine Seryice since 1921 and 
consulting b icteriologist to the M ill ird 
Parker Hospital since 1931 

Dr Park yias a Felloyy of the Vinerican 
Medical Association, a member of the Amer- 
ican Public Health Association ind its 
president m 1923, the Association of Amer- 
icin Physicians, the American Association 
of P ithologists and Bacteriologists, the 
Anicncan Society for Expcnuicntal Pathol- 
ogy, and the County ind State Medical 
Socictii s 

He yyas the author of a iiiuiibcr of hooks 
on butcnology and immunology ind a con- 
tributor to technical lournals on those sub- 

jccls 

Stoci Mil, CiiAiiiis RiirBT 1300 Iork 
Ayiniu, \(w 'A ork City born in M ashmg- 
lon County Mississippi Pebruary 27, IST9 
(bed 111 \cw "Aork City April 7, 1939, re- 
cciMd the degrees of BS and MS from 
the Mississippi \grieullural and Mechanical 
Collcgi III 1990, and 1901 P], D from Coluiii- 

hia I nivcrsity. New lock City, in 1906 and 
D Sc from flic I nhcrsify of Cincinnati in 
1920 graduafed in medicine from the I ni 
yersity of \\ ilrrliurg Bay ana m 1922 


elected a Felloyy of the Veademy January 
2, 1913 

Dr Stockard joined the Department of 
Anatomy of Cornell Medical College m 1906, 
becoming professor of anatomj in 1911, a 
position yyhich he held until his death He 
yyas also President of the Board of the 
Rockefeller Institute of Medical Research 
and conducted cancer research for the Hunt- 
ington Fund 

Dr Stockard yyas yyell knoyyn as a lec- 
turer, and among many others deliyered the 
following the DeLamar Lecture at Johns 
Hopkins Lniyersity m 1925, the Harrington 
Lecture at the Uniyersitv of Buffalo m 1926, 
the Beaumont Poundation Lecture at De- 
troit in 1927, the Lane Lecture at Stanford 
in 1930, the Potter Memorial Lecture at 
Jefferson Medical College m 1934, and the 
Joseph Collins Lecture at the Academy of 
Medicine in 1937 

He yyas a member of the American Asso- 
ciation for the Ally ancement of Science, the 
Society of Experimental Medicine and Biol- 
ogy, the National Academy of Sciences, and 
the American Association of Anatomists, 
secretary, 1914-22, and its president, 1928-30 

Dr Stockard yyas the autlior of a number 
of hooks and contributed to many scientific 
lOUrnals His chief inyestigations haye been 
on subjects of morphology 

Masiitox, Jacob 940 Grand Concourse, 
Bronx, New Iork, bom m Russia, Septem- 
ber 20 1889, died in Sarasota, Florida, 

Marcli 18, 1939 graduated m medicine from 
New Iork Lniyersity and Bclleyue Hospital 
Medical College m 1913, elected a Fellow of 
the Academy February 3, 1931 

During the M orld M'ar, Dr M ashton 
scryed as a major in the American Expedi- 
tionary Force His decorations included the 
British Military Cross and the French Le- 
frion of Honor 

Dr M asliton was a Fellow of the Amer- 
ican Medical Ascociation and a member of 
the County and State Medical Societies 
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THE SIGNIFICANCE TO MEDICINE OF 
PRESENT POPULATION TRENDS" 

The Hetjmjin Michael Biggs Mevwual Lectme 

Frederick Osborn 

ARE met to honor the name of one who left his distin- 
guished mark on medical practice in this country The 
forward-looking quality of his y ork is evidence that he 
M'ould have desired that these lectures should pro\ide 
from time to time an occasion for the members of his 
profession to consider the problems created by a changing Yorld It 
must ha\ e been in the minds of those who proposed the subject of this 
c\ cning’s discussion tint Dr Hermann Biggs m ould have been one of the 
first to rccogni 7 c that the cumulam c decline in births in recent years 
presents new problems and suggests added functions for those engaged 
in the pnctice of medicine 

M c arc at a major turning point in human biolog\’- Following on a 
period of unprecedented numerical increase, European peoples appear 
headed for a serious decline During a million or more years of existence, 
mankind slow Iv and w ith innumerable setbacks increased his numbers 
until b\ i 6 so he attuned the respectable figure of over ^oo million per- 
sons of whom 100 million were Europems Then at an accelerating 
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rate, births exceeded deaths, until in the early nineteen hundreds the 
increase of the white race reached its peak, a rate of increase of 40 per cent 
per generation (about 12 8 per 1000 per year) By 1933, Europeans and 
their descendants numbered 700 million,"" a sevenfold increase in ten 
generations, while the human race as a whole had increased almost four 
times to something over 2 billion 

In the United States, the ten years, 1920-1930, marked the greatest 
addition to our numbers of any decade in American history, over 17 
million people Yet, coincident with this unexampled proliferation of the 
human species, there were unnoticed forces working towards a reversal 
of these trends For a hundred years births per married ivomen had been 
on the decline After 1900, this decline became more rapid, but was hid- 
den for a time by a remarkable decline in deaths, the excess of births 
above deaths remaining high Thus, by 1932, while the crude birth rate 
had dropped to 17 4 per thousand, the crude death rare v^as only 109 
per thousand, leaving a crude rate of natural increase of 6 5 per thousand 
per year But in the same year, 1932, for the first time in our history, the 
Mmmen of childbearing age in the United States avere failing to have 
enough children to replace their own number in the next generation 

Crude Versus Intrinsic Rates of Increase 

In order to understand this paradox, it is necessary to ha\ e a clear 
picture of the difference between “crude” rates, as ordinarily reported, 
and “true” or “intrinsic” rates as used by students of population Crude 
rates are rates of births or deaths per thousand of the population The 
difference between these births and deaths is the crude rate of natural 
increase Thus, if the crude birth rate is 17 per thousand of population 
per year, and the crude death rate is 1 1 per thousand of population per 
year, the crude rate of increase is the difference between the two, or 6 
per thousand of population per year These were approximately the 
rates for the United States in 1935 From these rates it would appear that 
the population is increasing rapidly But if only 1 1 people out of e\ ery 
thousand died each year in a population with stabilized age distribution, 
the average length of life would be about 90 years, which is quite con- 
trary to the known facts, the average span of life for our total population 
(White and Negro) being about 61 years The crude death rate of 1 1 per 
thousand is so low because the present population of the United States, 


* Estimate b\ Beloch as reMsed b> CaMagnac^ 
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as a result of changing rates of fertility and mortality and immigration 
contains an unusually high proportion of people m the middle age groups 
where death is least frequent When the passage of time has corrected 
tins proportion we can hardly expect a crude death rate of less than 
1 5 per thousand, which would be appropriate to an expectation of life of 
sixty-six years, five years more than our present average 

Birth rates also are affected by the present high proportion of young 
adults in the childbearing ages, there are naturally more children born 
each year per thousand of population when the proportion of young 
adults IS high, than would be the case if the proportion of non-childb ear- 
ing old people were larger Crude rates of reproduction are, therefore, 
a poor index of future trends 

E\ idently e want to know whether the women of childbearing age 
are at any gi\ en time having enough children to replace their o\\ n number 
m the next generation Statisticians can figure out the answer pro\ ided 
the)'- ha\e a\ailable vital statistics which show for any given year the 
number of children born to women in each age group during the child- 
bearing period, and the death rates for each age, from birth to death 
From these specific rates are obtained gross and net reproduction 
ratios and, after taking into account the average inten^al beuveen births 
in two successive generations, intrinsic rates of natural increase 

These ncv methods of ascertaining intrinsic rates of reproduction 
make it possible to forecast quite accurately the changes which w'lll take 
place in a population for a generation ahead, if w'e omit consideration of 
immigiation The children born today w ill, subject to prc\ ailing mortal- 
it\ rates be the parents of the children born 30 years hence, just as they 
will also be the candidates for Townsend benefits about the a^car 2005 
1 bus short-term forecasts co\ cring not more than a generation can be 
m idc w itli considerable accuracy Estimates o\ cr a longer term depend 
cliicfla on the assumptions made about future birth rates Death rates are 
less important to such estimates At the time of the last census, 89 per 
cent of the white females born aluc Incd to the center of the rcproduc- 
ti\t period = 1 loss of only 11 per cent due to mortahta Thus todav 
biiths and not dciths are the primary factor m selection for suraiaal 

The Drciivr in Births 

1 Ik population studa of the National Resources Committee in 193 8 
presents estimates bv Tiaompson and \\ laclpton of the future groaath 
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of this country on three different assumpoons of low, medium, and hi^h 
fertility On the assumpuon of low fertility, with no immigration, the 
maximum populauon would be 140 million, reached in i960 On the 
assumpnon of medium fertility, the maximum would be 153 million 
reached m 1980 

For the past several years tvery new estimate has shortened the time 
remaining before the peak of population will have been reached and the 
decline in gross numbers will commence to set in At present the intrinsic 
rate of reproduction is about 95, five per cent short of the rate required 
for replacement This rate would be even lower if it were not for the 
high birth rate in the rural sections of the countr)’" But the high rate in 
rural states is falling, and there is no sign of an mcrease in the urban 
states which are already far below the replacement level 

In much of Europe the declme in births began earlier and has gone 
farther England had a net rate of reproducuon of 76 in 1936, 24 per 
cent short of replacement, France, a net rate of 87 in 1935, Germany 
a net rate of 88 in 1935, after having been as low as 70 in 1933, Sweden 
a net rate of 70 in 1934 ® 

In the United States the decline in births is closely related to a 
growing urbanization Cities of over 100,000 have a net rate of 75, 
twenty-five per cent short of the rate required for replacement Goes 
down to 25,000 of population, and towns of 25,000 to 10000 people, 
show rates of 88 and 97 respectively, ]ust short of replacement The 
small tovm breaks even with a rate of i 04 Only the rural village, with a 
rate of i 37, and the rural farm, with a rate of i 69, are making sub- 
stantial contributions to an increase of population Because farmers in 
the South are so numerous and so prolific, their children will largely 
inherit what remains of the urban civilization we are ttying to build 

V ariations in birth rates with size of community result in interesting 
racial variations in reproduction The Jews, who are concentrated in 
metropolitan centers, with high educational standards, are probably 
fifty per cent short of having enough children to replace their number 
in the next generation Anglo-Saxons, because they are so numerous in 
the isolated, rural sections of the South, are more than holding their own 
Negroes, about equally balanced between city and country, show the 
same rate of reproduction as does the country as a whole Mexicans and 
Indians, the most isolated of all our peoples, are almost doubling their 
number in each generation 
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DecLIN'C IX THE PrOPORTIOX OF LaRGE FAMILIES 

Wide differences in net rates of reproducaon are very largely due to 
differences in the proportion of large families In Califonua, with the 
lowest rate of reproduction of any State m the Union, only 10 i per 
cent of the families of fertile married women consisted of five or more 
children even prior to 1928 * In North Carolina, a State near the top of 
the reproductive list, 324 per cent of the fertile married women had five 
children or more, three times the proportion prevailing in Cahforma 
And in English marriages of i860 and 1870, one-half of the women had 
five children or more, with an average of eight children 

To maintain our present population would require something over 
2 6 children per married woman Taking into consideration the number 
of sterile marriages, we find that fertile couples must have on an average 
over three children to provide population replacement But since not all 
fertile couples will have three children, some must have four and some 
five children to bring the average up to three Almost any u ay we figure, 
M c find that approximately 20 per cent of married women must have five 
or more children if the reproduction of the population is to be at a rate 
sufficient for replacement And under the conditions of life in our cities 
and towns, nothing like 20 per cent of married women actually have 
families of five or more children Among most professional groups, such 
large families are looked on askance 

In seventy years the proportion of these large families m our cities 
Ins fallen from 50 per cent to about 10 per cent Is this due to a physiolo- 
gical inability to bear many children, brought about by the strain of 
modern life, or is it the result of a deliberate restriction of size of family^ 
All available evidence points to the conclusion that voluntaty control 
of family size has been the principal factor m the decline m births Recent 
studies by PcarP offer almost oa eru helming proof to this effect Among 
30,000 u omen studied in hospitals in the eastern part of the United States, 
a\ omen practicing family limitation most intelligently and consistently 
had pregnmet rates from ,-0 to 75 per cent belou those atho reported 
no such efforts uhatcier Among the women who reported no attempts 
to limit their families since marriage there appeared to be no SKmificant 
difference in pregnancy rites whateeer that economic status or the 
M/e of eommunitN in which thee heed To quote Pearl’s conclusions 
In the populuion of the United States at least the fertility 




432 


THE BULLETIN 


differentials relative to race (Negro versus White) and to the three 
most important social class differentiations (economic, educational, 
and religious) are due primarily to differences in the relative preva- 
lence and effectiveness of the efforts made to prevent conception, 
correlatively aided by relative frequency and postponement of mar- 
riage and the practice of criminal abortion, and to practically nothin^ 
else ” 

The use of birth control and the deliberate effort to restrict size of 
family is only a manifestation of underlying attitudes and customs The 
decline in births is the result of numerous and complex causes Any con- 
siderable increase in reproduction will probably depend on quite pro- 
found changes in economic and social relationships and on changes in 
personal values and attitudes toward family life 

This brief analysis has interesting implications for the medical profes- 
sion At present this country is well populated and thoughtful people 
would look on a reasonable decline in numbers with equanimity But it 
IS almost certain that with the extension of birth control services, an 
extension which seems inevitable and is almost certainly desirable, our 
net rate of reproduction will fall to 70 or less At a level 30 per cent or 
more below the rate needed for replacement— and that is the direction 
we are headed for m the country as a whole— and a much lov er rate for 
people at the high school level, there will be strong social reasons for 
bringing up the rate of reproduction at least to the replacement level 
among the more competent people who make use of the doctor’s services 
Doctors will feel the pressure of the demand for an increase in births 
and they vnll find that such an increase will depend very little on the 
science of medicine as it may effect a decrease in sterility, but very largely 
on the personal relations of the physician with each individual family 
through which he may influence their attitudes and their desire for 
children And among a substantial proportion of couples the desire for 
children must extend beyond the one or two children who are supposed 
to satisfy the maternal instinct of modern women Without numerous 
families of four or more children, reproduction v ill never approach the 
replacement rate 

Natural Selection is Still Effective 

If the decline m births is the result of cultural factors under man s 
control. It IS equally true that the accompanying decline in deaths is the 
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result of consciously durected efforts, particularly those of the medical 
profession Some biologists hat e claimed that these artificial and man- 
made conditions have limited the force of natural selection and increased 
the reproduction of the weak and unfit The evidence on this point is 
far from conclusive Expectation of life at birth has increased from 49 2 
years in 1900-1902 to 60 3 in 1929-1931 About four-fifths of this sating 
IS due to the decrease of deaths bettt een birth and the center of the repro- 
ductive period The proportion of infants ttEo live to reproduce is 
therefore much greater today than it was even a fett decades ago The 
predominant factor in this change has of course been the control of 
infectious diseases In 1901, 124 per cent of all infants died m the first 
year of life, as compared to 5 8 per cent by 1930, a reduction of one-half 
in the death rate m thirty years But during this period, deaths in the first 
month V ere reduced by only a fraction, from 4 i per cent in 1901 to 3 i 
per cent in 1930, while deaths in the next ele\ en months declined from 
8 3 per cent in 1901 to 2 7 per cent m 1930 

The reduction in deaths after the first months certainly appears to be 
due chiefly to improvements in feeding and medical care, \\ ith relatn cly 
small relation to variations in knou n hereditary qualiues But deaths in 
the first month would appear more largely due to either parental or 
hereditary causes The fact that births in the first month shov a relatn ely 
small decline, seems to indicate that natural selection is still operating 
In viev' of the recent extension of medical and public health measures 
It IS probable that improper care of expectant mothers and accidents of 
birth will play a still smaller part than in the past in causing the death of 
newborn infants, and that hereditary conditions v ill be c\ cn more impor- 
tant than pre\ lously 

Not only has there been little progress in reducing deaths among new - 
born infants but equal difficulties have been found in combating the 
diseases of old age In the organic and degcncrarne diseases of old age 
heredinry factors are also knovn to plav a large role Wc vould expect 
this to be the case These diseases rarely affect people until thc\ ha\ e 
completed their reproductn c period, so that the force of natural <;clcc- 
tion has not had a chance to eliminate such struns But here too pre- 
\ lous infections and improper conditions of life are responsible for a 
\ ast amount of pre\ cntable suffering and untimch death 

Mcdicil science docs undoubtcdlv in some cases si\c the lues of 
indniduals vith serious hcrcditirv handicaps In so far as the persons 
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saved may later have children themselves, there may result an accumula- 
tion of genetic factors that will cause greater hazards, costs and suffering 
for future generations It is desirable therefore that progress in medicine 
be accompamed by progress in human genetics and social science, making 
possible the isolation of specific pathological factors, an understanding 
of hereditary mechanisms, and a humane program designed v ith refer- 
ence both to the immediate physical and psychological needs of affected 
individuals and the more ultimate objectives of public health Natural 
selection is still the major force for ehmmating extreme deviations But in 
proportion as it is the proper business of physicians to oppose untimely 
deaths as a factor m natural selection, so it is the physician’s responsibility 
to use all his influence to limit conception among those v ho may be 
properly suspected as being carriers of serious hereditary defect This is 
a new function for the doctor and one he is reluctant to assume But it 
flows inevitably from the doctor’s new control ox'^er death, and from 
man’s increasing power to regulate buths, and there is no one but the 
physician whom the public will or should trust for advice on so xital 
and personal a matter If this new function is to be properly discharged, 
there must be a great increase in research in human genetics, and the 
results of such research must be rapidly assimilated by the medical pro- 
fession 


jMental Diseases 

Fortunately, the death rates of persons suffering from mental disease 
are far higher than those for persons of similar age in the general popula- 
tion Even with modern institutional care and in the case of mental 
diseases that do not involve any known physical disorders, the death 
rates of the insane are extremely high This is shown by a comparison of 
standardized death rates for mental patients and total population in 
New York State 

A comprehensive investigation of factors affecting the net reproduc- 
tion of the mentally diseased has recently been published by a Swedish 
scholar, using data on schizophrenia (dementia praecox), manic-depres- 
sive psychosis, and epilepsy, drawn from the archix^es of the Kaiser-^Ahl- 
helm-Institut in Munich,® and compared with appropriate samples of 
Mumch and rural Bavarian population 

The results of this investigation shoxv that the net reproduction ot 
schizophrenics and epileptics is distinctly less than that of the general 
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populaaon m the same area and at the same time This is due in part to 
high mortality after mental breakdown, but in still greater measure to the 
low marriage rates characteristic of the psychoac— both before and 
after the onset of mental disorders The reduction of net reproduction 
rates due to these factors is negligible in the mamc-depressn e group, be- 
cause of the late onset of manic-depressive disturbances 

Landis and Page, in their book, “Modern Society and Alental Disease,” 
written m 1938, have carefully analyzed adnussion rates to mental hos- 
pitals and come to the conclusion that there is not any marked increase 
in mental disease either in the United States or in England, Belgium, 
Norway or France 

While natural processes thus appear to set limits to the reproduction 
of these defective stocks, the present number of the mentally sick is so 
great as to constitute the greatest single source of hospital e\pense and 
human suffering in this country today But there is v orse to come Dr 
Harold Dorn of the U S Public Health Sennce has recently shown 
that there will soon be a doubling of mental disease, assuming present 
rates for different ages, solely because of the increasing proportion of 
older people 

There is considerable evidence to indicate that hereditary factors 
affect susceptibility to many types of mental illness Additional research 
is badly needed, but there are already strong grounds for discouraging 
the present practice of some psjmhiatrists of adiising vomcn patients 
that childbearing may improve their health Such ad\ ice seems not only 
undesirable in the light of the genetic probabilities, but also because 
highly neurotic parents do not usually provide the optimum of home 
environment for the rearing of children Here again, there is indicated an 
urgent need for research in medical genetics to determine more exacth 
the extent to xvhich mental diseases may be related to hcreditarx' factors 
and to develop methods by xs Inch medicine can supplement the alreadx 
fax orable trends of natural selection ton ard the further reduction of this 
prc\ alcnt and expensive form of disease 

Chxngls in Agi CoXtPOSlTION 

Present population trends make for ripid change in the proportion 
of persons in the different age groups Estimates by Thompson and 
M’helpton indicate the follow ing changes o\ cr a period of 100 x ears 

It IS in the fjroup of x cars and oxer that the most striking change 
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A CENIURY OF POPULATION I RENDS IN 
THE LNITED Sl-VTES, BY AGE GROUPS 


Age 

ISSO 

1950 

mo* 

Lnder 5 

13 8 

93 

64 

5-19 

343 

29 5 

20 3 

20-44 

33 9 

38 3 

33 4 

46-64 

12 6 

IT 5 

25 8 

65 and o\er 

34 

54 

121 

Total 

100 0 

100 0 

100 0 


has been going on and will no doubt continue 'While the proportion over 
65 years of age may more than double in the next fifty years (5 4 per cent 
in 1930, 11 I per cent in 1980), the change in absolute numbers is even 
more startling These elders were over tenfold as numerous in the popu- 
lation of 1930 as in that of 1850, and may increase threefold over the 
present by 1980® 

In considerable part these changes in the proportion of persons at 
different ages result from the work of the medical profession, for it is 
not only the decline in births but also the conquest of infectious diseases 
y Inch IS piling up the number of those in the older groups Thus, the 
solution of some of the most vital medical problems of infancy and youth 
has intensified a new set of problems, those connected with old age 
Here new methods of attack are required In the diseases of old age, 
changes in the patient’s way of life may be necessary over long periods, 
the physician’s care must be more continuous and personal, requiring 
more knon ledge of traits of personality and family background Hope 
for a rapid cure gives place to the desire to alleviate suffering and to ex- 
tend the serviceable years of a mechanism beginning to wear out In some 
y a\ s these factors may seem to indicate an increasing need for the family 
physician rather than the specialist On the other hand, early diagnosis 
IS at a premium, together with a new emphasis on constitutional and 
genetic relationships, and here the advice of specialists y^'otild be impor- 
tant Again, there is indicated the need for research in human genetics 

Differential Fertilitx 

To those engaged in the study of population, today’s trends m births 
piesent a tnid picture of birth differentials Persons living on the farm 


* Estimated b\ Thompson and Whelpton ' 
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are, on the average, producing 50 per cent more children than the num- 
ber needed for their replacement in the next generation, those in the 
great cities are 25 per cent short of enough births for replacement The 
isolated and impoverished rural sections reproduce at an e^ en higher 
rate— over large areas at 200 per cent of the rate required for replace- 
ment-while the more educated persons m the cities, say, at the upper 
high school level, are having only half of their replacement quota For 
broad occupational groups the differences, while less extreme, are still 
striking, as shown by the following data from the U S Registration Area 
in 1928,^ the replacement figure being taken at i 00 


Professional 

76 

Business and Clerical 

85 

Skilled labor 

I 06 

Unskilled 

I 17 

Agricultural labor 

I 32 


Throughout the entire United States, with few exceptions, reproduc- 
tion IS highest among those most isolated, most limited in economic 
opportunities, most lacking m educational facilities 

Apparently differentials between occupational groups ha\ e been in- 
creasing since the middle of the 19th centur)’-, chiefly because of \olun- 
tary control of births, but also because medicine and sanitation ha\ e 
reduced differential death rates wdiich formerly offset in part the repro- 
ductive effect of differential birth rates In England and Wales Xotc- 
stein'’ finds that )ust prior to i860 upper- and middle-class rates of repro- 
duction were about 10 per cent below the rates for the countrv as a 
wdiole, and agricultural w'orkers, w ho then- as now -headed the list w ere 
less than 10 per cent above the nationwide average in reproduction 
wdicreas, by the end of the century agricultural w orkers w ere almost 
30 per cent above the average and the upper middle-class group almost 
30 per cent below the aaerage Recently, there has been some c\idence 
that these differentials ha\c reached their furthest spread and ire begin- 
ning to come together again In the top income groups w irh the greatest 
economic sccurir\’, there is a tendenev to ha\e somewhat lamer families 
than those found among the next lower income ranks In man\ European 
cities, the usual class differentials ha\ e been to some extent rc\ ersed in 
recent ^ cars Those persons at the \er\ bottom of the scale still ha\c the 
most children but from skilled workers up there is a slight increase 
as one goes to business executnes and the professional classes But 
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this reversal has been brought about not by any increase in births at 
the upper levels, but by a decline in births in families at the lower occupa- 
tional levels, so that reproduction as a whole is at a very low level In 
Stockholm, for instance, the women of childbearing age are having 
only one-third of the number of children necessary for replacement In 
this country the low record seems to be held by Portland, Oregon, with 
a rate of 50 per cent of replacement 

It seems likely that the trend in this country will be towards gradually 
smaller differentials between occupational groups Such a trend is highly 
desirable for many reasons At present a major part of the country’s 
children are being born and reared in those American homes least able 
to provide adequate nutrition, adequate physical care or a snmulating 
educational environment Thus in a real sense the work of public health 
and educational agencies has to be done all over again m every genera- 
tion Such a situation must go far to offset the great efforts now being 
made to raise the general level of public health and education Those 
who are interested in improving the conditions of human life will want 
to hasten the natural trend towards a greater equalization of burths 

The most obvious means of bringing about an equalization of births 
IS to increase the availability of birth control and evtend its use to all 
couples desiring to limit the size of their families, regardless of their eco- 
nomic situation or isolaaon Quite apart from its other aspects, more 
effective use of contraceptives is probably the only practical alternative 
to abortion among many persons desiring to limit the size of their families 
The medical profession can hardly escape its responsibility for directing 
the proper use of nev’^ methods of control over conception Undoubtedly 
birth control will continue to be extended to persons to whom it is not 
now available, and as this process continues, there will be a further de- 
cline in the general level of births 

Under present conditions of American life, birth control alone would 
effect an equalization of births at a level of reproduction probably about 
half that needed for replacement Such a low rate vmuld be a denial of 
the nation’s future A permanent redistribution of births must be based 
not on birth control alone, but on birth control in combination ivith 
agencies vTich will increase births among competent parents who are 
able to give their children a decent physical, moral and mental environ- 
ment, whatever social or occupational class they may belong to Such an 
increase in size of family among competent people is essential not only to 



Significance of Population T rends 


439 


offset the decline in births due to the increased use of contracepuon, but 
also to make the force of good home environments effectn e among a 
large proportion of the country’s children And there are a prion grounds 
for believing that an increase m size of family among competent people 
in all ranks of society is also essential for maintammg the genetic level 
of American stocks 

Forces Affecting Size of Family Among Competent People 

Measures designed to increase births among competent people will be 
necessary to offset the further decline due to the extension of birth 
control Such measures will undoubtedly include economic changes v hich 
will reduce the cost of having and rearing children More free prenatal 
care, reduced maternity costs, and free health servnces for young children, 
seem almost certain items in the Nation’s budget in the near future But 
these and other measures for reducing the cost of children m ill not them- 
selves lead people to have larger families They are a preliminary to those 
changes in attitudes towards family life and children which can only 
be brought about by new types of impacts in the social and emotional 
environment It wtII be no easy task to increase the desire for children 
among thoughtful people in our urbanized mechamcal civilization Every 
type of social agency will have to take part m such an effort The greatest 
changes will perhaps be required in educational institutions which, until 
noav, have gi\ en little thought to the effect of education on the de\ elop- 
ment of the emotional life of the individual But the most direct influences 
\\ ill be those effected in personal contacts It is difficult to imagine any 
effectn e change in people’s attitude toward hai mg children \\ ithout in- 
cluding doctors in the list of those taking an intelligent part in attempting 
such a change 

It IS to the doctor th it a w oman first confides her hope that she is 
to become a mother Does the doctor report the results of his examina- 
tion w ith 1 laconic statement that she is m trouble or docs he strengthen 
her w ith the realization that this is the normal fulfillment of her feminine 
role, to the probiblc impro\ ement of her health and to her future happi- 
ness- If she has ilrcad\ sc\ cral children, is his attitude one of admiration 
or of conimiserition- Shortlv she must decide w hether her confinement 
IS to take place in a hospitil or m her home and ayiin she turns to her 
doctor Is the doctor’s ad\ ice w cightcd by consideration of w here she 
\\ ill lin c the grcitcst comfort md pleasure m her bab\ so that she mav 
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look back on the first few weeks after the baby’s arrival as a period of 
infinite happiness and charm^ the nursing care and the eniiron- 
ment during convalescence provide a favorable atmosphere^ Students of 
population increasingly suspect that the attitude of the father often deter- 
mines ultimate size of family Does the doctor have this in mind, and do 
everything possible to bring the father into an intimate relation v ith the 
thrilling and beautiful aspects of bringing a new life into the worlds Or is 
the father excluded at the start, and thus brought to think of this only 
as a period of anxiety and painful separation? 

In the first week or so of the baby’s life, the mother must decide 
whether she will try to nurse it herself or have it fed on a bottle 
In advising her what she should do, does the doctor take into account 
those subtle emotional needs to vhich modern psychologists give such 
weight? The need of the mother for the full development of that rela- 
tionship with her child, vdiich may be weakened at its inception if she 
does not hold it in her on n arms and feed it from her own breast The 
need on the part of the baby for that warmth of security, that fullness of 
satisfaction, for lack of which its own emotional life may be m some 
degree stunted 

After the baby is weaned, family contacts with the doctor still con- 
tinue His attitude, and even sometimes his direct advice to both parents, 
will inevitably influence their decisions as to vTether they should have 
additional children Will the doctor in every case study these conditions, 
over and beyond the state of the mother’s health, vdiich affect the social 
desirability of their having more children, the home environment m 
V Inch they will be brought up, the probability of their having a sound 
heredity? 

These may seem strange questions to put to the members of the medi- 
cal profession, pressed as they are by their present duties But they do not 
seem strange questions to the student of population The sterility of those 
who are most affected by modern civilization in this country and abroad 
IS not in the mam a physiological sterility It is an emotional sterility, of 
which birth control is only the tool We have created an emironment 
in \vhich the bearing and rearing of children is economically difficult, 
and concurrently we have both lessened the force of those influences m 
the environment wdiich make for normal emotional development, and 
enormously increased the influences Avhich make for the development of 
attitudes and values incompatible with the desire for children That is 
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the picture as it appears to students of population in this country in recent 
years 

The medical profession by samtanon and the control of infectious 
disease has brought about an extraordinary dechne m deaths This decline 
in deaths has been accompamed by an extraordinary but highly unequal 
decline in births A favorable distribution of births at present levels of 
reproduction would help stabilize recent advances in civilization and 
strengthen all efforts at further improvement The question whether a 
favorable distribution of births can be aimed at a level sufficient for re- 
placement presents one of the major problems of our present form of 
society A clear understanding of this problem by the medical profession 
may be one of the deciding influences in its solution 
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IRRADIATION 

IN THE LYMPHOMATOID DISEASES^ 
Lloyd F Cratcr 


E ^he term lymphomatoid diseases embraces an extremely 
^ complex collection of morbid and mostly lethal pro- 
I cesses It is outside of the scope of this paper to discuss 
S the few facts and the many theories concemmg their 
a causes, or to portray the wide scope of the pathologic 
changes which they may produce There is no part of the human 
body entirely exempt from the possibihty of being affected directly or 
indirectly by these diseases, and there is no age enarely immune from 
them They concern therefore, every practitioner of medicine 

Even -within the scope of any one of the so-called entities, such as 
Hodgkin’s disease, variations are so great that each case becomes an 
individual problem for treatment Yet they do have one thing in com- 
mon m connection with treatment, and that is that irradiation by 
Roentgen rays or radium continues to be the single most effective 
method 

These diseases were among the first to be treated by irradiation, and 
even with the earliest crude techmques showed some remarkable responses 
Yet they are so variable and unpredictable that their treatment by irradia- 
tion has remained an art rather than a science, to a degree greater than is 
true for many of the malignant tumors In the treatment of some types 
of cancer, radiaoon is becoming one of the tools of the surgeon, used 
much as he might apply the knife or cautery In malignant tumors aff ect- 
mg restricted parts of the body, for example epitheliomas of the hp, 
tongue, hypopharynx, skin and cervix, the radiant energy of radium 
and x-rays may be applied m a highly accurate manner, with rigid speci- 
fications of portal shape and size, direction of beam, amount and fre- 
quency of dose Thus, the new type of specialist, the surgeon-radiologist, 
can develop a fairly standard technique, often combining a surgical 
procedure with a routine of irradiation that for a given type of cancer 
may be allowed to remain fairly fixed for a time long enough to permit 

* Read in part November 4 1938 at Eleienth Annual Graduate Fortnight of The R-ev York \cadcnn 
ot Medicine 
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judgment of results 

In the group of lymphomatoid diseases on the other hand, because 
of their great variations, it is hardly possible to devise a general rouane, 
except perhaps for some of the commoner forms of local lesions, such as 
tonsillar lymphosarcoma, or Hodgkin’s disease restricted to one or tv o 
groups of nodes Yet the problem of determining the optimum technique 
of irradiation for these local lymphomatoid lesions is difficult The ease 
with which regressions are secured by small doses may lead to a false 
sense of accomplishment, where much larger doses would be needed to 
effect actual sterilization of the disease On the other hand, with large 
doses one may use up the patient’s tolerance of radiation in producing 
regression of one lesion, only to find that other foci soon appear, and 
then the patient is less well able to withstand further irradiation 

Since we cannot hope to discuss all the possible variations of these 
diseases and consequent modifications of treatment even solely from the 
aspect of irradiation, let us therefore take up one by one the commoner 
types and indicate certain general plans of treatment AVe must in 
advance recognize that cases must be individualized and that a gn en 
case may not fit neatly into these plans \^'e must also recognize that 
techniques of different v orkers vai^'- considerably, that m these diseases, 
which are usually rather radiosensim e, widely different techniques may 
seem to give about equally good results, and that judgment about the 
value of a gi\ en technique is most difficult in such \ ariable disease 
processes 

^^'hat I shall do here is to outline roughly our current preferences 
in modes of irradiation, v ith no claim that these methods are the best 
There is no time here to discuss differential diagnosis, so v e must assume 
m general tliat tlie diagnosis has been established, by biopsy if possible, 
and this v c are doing rouonely 

At this point V e may consider briefly the types of radiation suitable 
for the rrcatment of these diseases Beginning vith Roentgen ra\s ve 
hai e 

I Low \olnge Roentgen ra\s generated at or about loo ooo \olts 
suitable only for superficial lesions These may be used unfiltcred for 
\ cry sujicrficial lesions or up to 4 or 5 millimeters of aluminum filter 
max be cmplox’cd in order to screen out the longer less pcnctmnng 
\\ ixc-lcngths and thus gixe a tx pc of ndiuion suitable for lesions of 
some thickness on, in or close under the skin 
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2 Intermediate voltage Roentgen rays, generated at 140,000 to 
160,000 volts, filtered by 3 to 6 millimeters of alumimum Some workers 
prefer this type of irradiation even for deep seated lesions— rather 
lUogically, I tbnk, because there is too much effect on the skin and 
overlying tissues m proportion to what reaches deep parts 

3 High voltage Roentgen rays, usually generated at about 200,000 
volts and filtered by o 5 millimeters of copper or its equivalent This gives 
adequate penetration to reach deep parts, and by increasing the target 
skin distance up to 70 or 100 centimeters or more a quite satisfactory 
depth dose is obtained without undue effect on the skin 

4 Super-high voltage Roentgen rays generated at 700,000 to 
1,000,000 volts or more are probably entirely superfluous in the treat- 
ment of the lymphomatous diseases 

A^ben low voltage and high voltage Roentgen apparatus is avail- 
able, I see no great necessity for radium in the treatment of these diseases, 
except that extremely rarely there may be an indication for interstitial 
implantation of radon seeds or needles Anything that can be done in 
this field by external application of the gamma rays of ladium apparently 
may be done just as effectively and often more conveniently by Roent- 
gen rays '\^^e do at times use the 4 gram radium pack for external 
irradiation in place of the high voltage x-rays but not as a rule by 
preference 


Hodgkin’s Disease 


Given a case vTth an established diagnosis of Hodgkin’s disease, two 
questions must be answered as well as possible before planning treat- 
ment First, how extensive is the disease^ Second, how acute a process 
does It seem to be^ These questions can only be ansu'^ered b^' a careful 
sun^ey of the case, including history, physical examination, and roent- 
genographic studies If, in a patient xvith vety slight or no constitutional 
s'^nnptoms the disease seems to be hmited to one group of nodes, as in 
the neck, one is probabl)^ justified in irradiating that area heavily in the 
hope of complete sterilization At present xve might give such a field 
200 r daily or every other day to a total of 2000 r or more "^et a v'ord 
of cannon at this point experience in obsennng large numbers of cases 
of this disease suggests strongly that such a group of external nodes, 
apparently the only focus of the disease, is actually only an external sign 
of a process that gamed entr^^ to the body somewhere within the dram- 
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age territory of those nodes, and that therefore we must be on our guard 
against the possibility that the disease is already present elsewhere 
Especially suspect are cases with a group of nodes at the base of the 
neck, in the axilla, or in the groin Such cases call for careful examination 
of the chest and abdomen When no internal focus can be found to 
account for the spread of disease to such an external group of nodes it 
may well be assumed nevertheless that the noxa of the disease, \\ hate\ er 
Its nature may be, has gained entry into the body at the appropriate 
mternal site and has passed on, probably, however, leating mimmal 
undetectable traces internally Therefore, in such situations the question 
always arises whether one should not give some treatment to the appro- 
priate internal sites For example, with a group of nodes situated at the 
base of the neck, in the position of the node of V irchow, even the absence 
of demonstrable disease m mediastinal or retroperitoneal territory’' w ould 
not exclude from our minds the advisability of giving some treatment 
to those regions We do so in many cases but, because of the absence 
of demonstrable disease m those fields, we tend to gi\e considerably 
smaller doses than we do to the know n focus W'e hope that the internal 
foci may actually be minimal and that smaller doses w ill sen e at least 
to hold the process in check We fear that larger doses might too greatly 
depress the patient’s resen es and thus prevent us from gn ing full treat- 
ment if some other definite focus does appear 

To go back for a moment to the treatment of the mass of external 
nodes, I am by no means certain that the dnided dose method of sav 
200 r every other day to a total of 2000 r is preferable The dose of 200 r 
IS about the upper limit of a single dose in the hands of most w orkers 
However, some years ago w'c w ere gi\ mg such cases single doses of 400 
to 600 r repeated at vanung mter\als for a few times Some of the 
loncest sunm ors w c ha\ c had w ere treated by these few er but larger 
doses, and therefore at the Fifth International Congress of Radiologx’ m 
Chicago last year I \ entured to raise the question w hether such a method 
might not be preferable at least in some cases 

Many cases of Hodgkin’s disease when first seen present more than 
one area requiring treatment but arc not a ct m an ad\ anced stage In 
these cases each field is usually treated bv 200 to 300 r c\ erv second or 
third day to a tonl of 1 000 to 1 200 r a field Usuallv good regression w ill 
promptK follow such treatment 

L\cn ciscs tint irt far advanced ma\ be grcatlv helped bv judicious 
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irradiation If severely anemic, such patients may be temporarily strength- 
ened by transfusions so that they will better withstand treatment and 
obtain more good from it When there are many areas of disease we 
usually do not try to treat all of them in one course, but select the larger 
and more important foci, giving them doses chosen empirically accord- 
ing to the bulk and depth of the lesions, and accordmg to the condition 
of the patient Some areas may receive 200 to 300 r two to five times at 
daily to weekly intervals, others about 400 r once Then we may wait 
for three or four m eeks, to give the patient a chance to get the benefit 
of this partial treatment If we have been mtelhgent in our choice of 
areas and dosage, improvement may far exceed expectations, and then 
we have a patient better able to go on with further treatment Literally, 
at times, patients with far advanced Hodgkin’s disease seem to be pulled 
back from the brink of the grave by such measures, though at times our 
choice is not correct, or the disease is even worse than we thought, and 
we fail 

In some cases Muth widespread disease it may be well to include large 
fields such as the entire mediastinum, or the entme central abdomen 
or even greater sections of the trunk in single beams of radiation used 
at long target skin distances Rather routine irradiation of large body 
fields IS advocated particularly by Sluys of Belgium, Gilbert of Switzer- 
land and Desjardins of the Mayo Clinic I prefer to avoid routines and 
to choose areas according to the mdications of the paracular case 

Instead of irradiating the body in huge sections one may arrange the 
apparatus so that all or nearly all of the body may be irradiated at one 
time either m short individual sittings as is done in Europe and in a few 
centers in America, or at low intensity and continuously for days as we 
have done at Memorial Hospital m the unit named for Doctor Heublcin, 
who suggested the latter method In Hodgkin’s disease irradiation of the 
entire body is used at Memorial Hospital only in small doses in selected 
cases and as a supplement to local irradiation One cannot expect the 
body to tolerate enough exposure to radiation distributed simultaneously 
over Its whole surface to produce satisfactory regression of bulky masses 
of granulomatous ussue Yet, m hen the local masses and infiltrations have 
been ii;eated we find in selected cases that by supplementing their treat- 
ment by small doses of general body irradiation, one gams frequently a 
tonic effect, vnth increase of weight and sense of well being, and 
freedom f^om recurrence of signs of disease activity for periods longer 
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than would otherwise be expected We must freely adtmt that this state- 
ment IS based on observation of numbers of cases, and that it is hardly 
possible to prove it by statisncs Even if some years from now unusually 
good survival figures appear among cases treated by general irradiation, 
one would have to take into consideration also the behef that the methods 
of local irradiaaon in the same cases had probably been more efficient 
It has not seemed fair to restrict the treatment of any of these panents to 
general irradiation to see what it alone could do Whether using general 
or local irradiation due regard must be had for the paaent’s tolerance, as 
judged both by his general state and by his blood count If the hite 
cell count becomes too low, say about 3000, it is usually best to suspend 
treatment for a time However, it is important to point out that m some 
cases, in which no radiation has been used, a leukopenia m ill be found 
As a rule one may proceed with irradiation m such cases, for it is prob- 
able that the low white cell count is caused by the disease, and that 
irradiation may actually be followed by a rise of the count to normal 

Hilar Tuberculosis and Hodgkix’s Disease 

In recent years several cases have presented themselves in which it 
has been very difficult to make a differcnual diagnosis between hilar 
tuberculosis and Hodgkin’s disease or possibly lymphosarcoma These 
are cases m which the Roentsren film show s disnnct enlargement of hilar 
and tracheobronchial nodes of a pattern like that seen in the childhood 
type of tuberculosis, and in w hich no enlarged external nodes are a\ ail- 
able for biopsy In such cases a negam e tuberculin test is regarded as 
strongly suggestive that the process may be Hodgkin’s disease, and 
accordingly that it may be safe to proceed with irradiation of the medi- 
astinum and hilar nodes It seems best to begin treatment cautiouslv 
how c\ er, in order to test the response 

If, after a month or rw o a slight regression can be found and if there 
has been no unfa\ orablc reaction it is considered safe to proceed ith 
intensn c irradiation, as for Hodgkin s disease 

As for results w c find 17 per cent of patients w ith histolouicallv \ eri- 
fied Hodgkin’s disease sunning for fixe x'ears or lonecr after treatment 
w IS begun Certain xx orkers report considerablx* hicher fix e x car sur- 
xixal figures than these I feel that in such senes there must Inxc been ^ 
selection of cases accepted for treatment Our fiirurcs appK to all cases 
coming to us in xx Inch the diagnosis xx as prox ed microscopicallx 
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We reject only moribund patients and those who are under treat- 
ment else\\^here and come without permission of the physicians who are 
treating them At one time recently we counted twenty-two patients 
living over five years, and we have now one patient who has survived 
over seventeen years She was seemingly free of disease for about fifteen 
years but developed a mediastinal recurrence a few months ago This was 
treated v ith fairly good response and she is still m good condition 
The most important factor of all in the treatment of Hodgkin’s 
disease, or any of the lymphomatous diseases, is close vigilance for earliest 
signs of new foci or recurrences Increased attention to the possibility 
of lesions of the lungs, bones, deep lymph node areas, nerve roots, spinal 
canal, and other tissues, leads to earlier detection, or to justified assump- 
tion of need for treatment of these parts, and thus to improved palliative 
results Increased attention to such supportive measures as transfusions, 
iron, vitamins, and a general regime as for tuberculosis rewards us with 
better responses to irradiation and prolonged, more comfortable survival 
of our patients 


Lymphosarcoma 

If in a case of lymphosarcoma the disease is apparently localized in 
one field, aggressive irradiation is justified in an attempt to cure Usually 
such attempts fail, but there is a fair percentage of salvage among such 
cases, for long periods, if not actual cures Yet here again we are dealing 
with variable, unpredictable processes and cases that seem bad may do 
well, while those that delight us by early complete regression may soon 
dismay us by the rapidity with which their disease returns and spreads 
In younger individuals, cases beginning as lymphosarcoma, sometimes 
apparently atypical and seemingly hardly more than an inflammators^ 
process, regressing remarkably well under irradiation, may then rapidly 
develop a full blown picture of acute leukemia 

In cases of localized lymphosarcoma in which there appears to be a 
chance to secure complete sterilization, I feel that it may be a mistake to 
limit the size of the port to an area just large enough to include the 
palpable tumor, and to protract the treatment by givmg small fractional 
doses daily In this very cellular disease, tending to infiltrate widely, I 
believe it preferable to use ample ports and to give larger doses at a time 
This IS in contrast to the generally used procedure of small doses of low 
intensity repeated twice a day, daily or evety other day to the same 



h radiation in the Lyviphomatoid Diseases 


449 


port until a large total dose is attained — sometimes an epidermicidal 
dose Some advocate large ports, others would treat lymphosarcoma as 
they do epidermoid carcinoma by ports kept as small as possible so as to 
include only the demonstrable part of disease This is following the prin- 
ciple of treating cancer only where you find it, a principle which needs 
modification when we deal with lymphosarcoma Yet we are finding 
that reticulum cell lymphosarcoma is not always nearly as radioscnsim e 
as was once believed When we find a case of localized lymphosarcoma 
that IS relatively radioresistant it is probably better to use the protracted 
divided dose method, as m carcinoma, so that a much larger total dose 
can be given In such a case I feel it would be advisable to restrict ports 
as much as possible for two purposes, first, to spare the patient the effects 
of as much irradiation of extraneous tissue as possible, and, second, to 
permit an increase of the dose to the tumor 

When a patient with lymphosarcoma has several widely scattered 
areas of the disease, obviously one must plan for the best palliation, 
rather than an attempt to cure It then becomes a matter of proper choice 
of areas to be treated first, of individual and total dosage and the mtenals 
between doses In cases with widespread lymphosarcoma the use of the 
larger individual doses permits a more rapid coverage of most of the 
disease, while the protracted small dose method would necessitate a 
hopelessly long program Just in this type of case in w Inch the ads ocates 
of rigid adherence to that rule of treating cancer w'hcre you find it, 
using small ports and protracted dose methods, \\ ould tend to gi\ e up 
and say that such a case is better not treated at all, may be found some 
of the most s\ orrh while results of irradiation in palliation 

Rlslits in La mphossucom \ 

Of 132 patients treitcd, 1918 to 1933, inclusue, m whom results 
c in be determined, tliere w ere n\ enty-one or 1 5 9 per cent, \\ ho sur- 
vi\ ed fi\ c a ears or longer Fi\ e of these died after fi\ e a cars, w hilc t\\ o 
are h\ ing o\ er five years w ith e\ idcnce of diseise so that there are four- 
teen, or 10 6 per cent who sunned fi\c years or longer and who had 
been free of c\ idence of disease for six months, and in mana* cases much 
longer c\er sinee the regression tint followed the first course of 
tre itmcnt 

Macosis re\coii)i s 

1 he superficial tumors and plaques of infiltration of the skin in this 
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disease are usually very radiosensitive in the beginning, and may yield 
readily to relatively small doses of low voltage x-rays However, in 
many cases there is such widespread involvement of the skm that ade- 
quate treatment of all the disease would require more radiation than the 
patient could tolerate, so that each course of treatment must be restricted 
to the lesions that are most troublesome or threatening at the time In 
later stages the recurrences that may appear in previously irradiated 
fields may be rather resistant, and lesions may appear m lymph nodes, 
bones, lungs and other viscera, requiring palliative treatment as for like 
lesions of advanced Hodgkin’s disease or lymphosarcoma 

The Leukemias 

In the treatment of leukemia by irradiation it is quite important to 
gauge the degree of acuteness or chromcity of the process climcallj'^ as 
W'-ell as hematologically No sharp fine of demarcation exists between 
acute and chrome forms but the more acute cases must be irradiated, if 
at all, with great caution Even the more chronic cases may be greatly 
harmed by overenthusiastic treatment Undoubtedly some leukemics 
have been killed by radiation effects Yet judiciously apphed radiation 
can be of benefit even in some cases apparently very acutely ill, and 
seemingly almost moribund 

It is especially in chronic myelocytic and chronic lymphocytic 
leukemia that irradiation plays a great part in bringing about restorauon 
of the patient, for periods of varying length, to comparative or apparently 
complete health and economic usefulness While statistics seem to show 
not more than a few'- months, possibly, of prolongation of life on the 
average, as compared with untreated cases, yet it seems evident that in 
some cases the inevitably fatal termination is considerably postponed by 
irradiation 


Chronic Lymphocytic Leuicemia 

The typical case of chronic lymphocytic leukemia presents a sym- 
metrical general enlargement of external lymph nodes, commonly with 
some enlargement of liver and spleen and often with obvious enlargement 
of retroperitoneal nodes The blood count may be typically leukemic, 
subleukemic or aleukemic 

In the typical case our preference is to irradiate first the external node 
masses, that is, each side of the neck, each axilla, and each groin Each 
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such mass is given loo to 300 r high voltage x-rays once, one area being 
treated at a time, and the patient being treated at mten^als of one to three 
days depending on his condioon We then w ait a few weeks, as a rule, 
to observe the effect on these external readily palpable masses, and the 
effect on the blood Such a test cycle of treatment may be follov ed bv 
considerable regression of the enlarged nodes and usually by a marked 
favorable change in the blood count Anemia may disappear, the uhite 
cell count, if high, may fall to nearly normal, while the differential count 
may show a reversal of the polynuclear lymphocyte ratio to nearly 
normal 

Further treatment then depends on the condition of the patient 
If his blood count is nearly normal and if he has no marked internal 
masses of nodes or marked enlargement of spleen or hver it may seem 
best to withhold treatment until such time as the blood count or signs of 
leukemic infiltration m some area reveal the need for more treatment 

Unless some special feature appears, ordinarily the next course of 
irradiation is gi\ en to the mediastinal and retroperitoneal nodes By 
taking a zone about 10 centimeters wude extending along the midline 
axis of the trunk, anteriorly and posteriorly, and dividing it into an upper, 
middle and lower third, one can irradiate the mam bulk of these deep 
nodes To each of these six portals (three anterior and three posterior) 
IS gn en 100 to 300 r of high \ oltagc x-rays The indn idual doses and the 
interials between them are chosen according to the condition of the 
patient 

Subsequent courses of treatment may consist of repetitions of these 
cycles to external or internal nodes, or both, or particular fields such as 
h\cr or spleen or deep inguinal and iliac nodes may demand special 
attention The aleukemic forms arc treated in the same way In these 
cases, of course the blood count is of less \ aluc and one must depend 
largely on the responses of the know n foci of disease It w ould be quite 
misleading to gam an impression from this description of technique that 
a rigid routine is followed Each case must be individualized and by no 
means all cases arc treated in this wa\ For example m the so-called 
splenic t\ pc of K mphoc\ tic leukemia m w Inch there is a larec spleen 
w ith but little or no enlargement of lymph nodes the rrcimicnt should 
bco’in by irndntion of the spleen 

Irndiation of the entire bodv has seemed to work \crv well ii 
chronic h injihoc; tic leukemia and m some cses we choose to besm 
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the treatment by this method, and to rely mainly on it, using local 
irradiation rather as a supplement to care for especially prominent 
masses or infiltrauons 

In the rare cases of lymphocytic leukemia in which no enlargement 
of liver, spleen, or lymph nodes can be found, one would naturally 
think of general irradiation as a logical procedure 

The emphasis, then, in the treatment of chronic lymphocytic leu- 
kemia IS first on irradiation of lymph node areas, and second on irradia- 
tion of other foci of lymphocytic infiltration, wherever found About 
9 per cent will shotv a survival of five years or longer after treatment is 
begun as against the average survival of about two years, and some 
patients tvill live ten to twelve years or longer 

Chronic Myelocytic Leukemia 

The typical case of this disease presents an enlarged spleen, sometimes 
of huge dimensions, frequently some enlargement of the liver, and as a 
rule practically a total absence of signs of enlargement of lymph nodes 
The general run of experience indicates that best results, at least m the 
beginning, are obtained by irradiation of the spleen This may be done 
by various methods At Memorial Hospital we commonly use high 
voltage x-rays to large ports anteriorly and posteriorly over the spleen, 
giving 25 to 100 r at a sitting and treating daily or every other day to a 
total of about 300 r over each of the two ports In some cases the radium 
pack IS used, giving 2000 milligram hours or less at a sitting, at a radium 
skin distance of 10 centimeters, to a total of 6000 milligram hours 
anteriorly and posteriorly 

Such a course of irradiation may be followed by a transient increase 
in the leukocytosis, but in general, in about a month, a striking improve- 
ment will be found in the patient He may gain weight, lose symptoms, 
present a marked shrinkage of the spleen, so that in some cases it may 
no longer be palpable, and his blood count may be restored so nearly 
to normal that it would be difficult to make a diagnosis of leukemia In 
3 weeks there may be an increase of a million red cells in the count 
Danger lies in overdosage of the more acutely ill patients When 
external lymph nodes are enlarged, they may portend a more acute 
course Signs of hemorrhagic tendency are danger signals, and indicate 
caution Yet this bleeding tendency may disappear after irradiation 
Most of the writers state that it is advisable to be content to reduce 
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the white cell count to 20,000 or 30,000 If, however, our first cycle of 
treatment can succeed m bringmg the count down to a normal level, I 
believe the patient as a rule will have a more nearly complete restoranon 
to health for the time beins: and a longer mterval before another course 
of treatment becomes necessary 

The blood count ordinarily gives the first sign that the disease is 
becoming active agam and should be taken at mtervals of seldom more 
than three weeks, at least at first Further treatment is very much a matter 
of individualization Some cases may carry on for years m response to 
repeated courses of irradiation given only to the spleen vhen it re- 
enlarges In other cases special features arise, demandmg special treat- 
ment In some cases the blood count detenorates a?am to a degfree de- 
mandmg more treatment at a stage when liver and spleen remain reduced 
to nearly normal size At such times we consider either uradiaaon of 
the bones, especially spine, sternum, and proximal ends of long bones or 
irradiation of the entire body in small dosage We are especially hkely 
to think of irradiation of the bones m cases in which pams are felt about 
the bones and joints 

In some cases the spleen fails to shnnk satisfactorily after a few 
cycles of treatment have been given to the spleen, and even after further 
irradiation it remains large and firm Some authors report shrinkage of 
these refractory spleens after irradiation of the entire body We have not 
confirmed these observations, but see no reason to doubt that such an 
effect may be possible Adjuvant methods of treatment such as adminis- 
tration of arsenic, heliotherapy and transfusions are regarded as outside 
the scope of this paper 

Results Sooner or later every case becomes refractory to treatment 
On the average these panents die in about two or three years after treat- 
ment is begun Some survive exceptionally long penods even up to 
fifteen or tv enty-five years, but in these cases one feels that there is some 
exceptional factor promoang longevity and that the treatment may have 
had relatively little to do uith the long survival Only a small percentage 
(about 6 per cent) of the patients xt ith myelocvtic leukemia survive over 
five years after beginning treatment The chief value of irradianon m 
this disease lies in the fact that it can bring about remissions repeatedly, 
to an extent x\ hich x\ ould not ordinarily occur so that the panent. durmg 
his remaining span of life short though it max* be enjox's penods of 
comparatix e health xx hich orherxx ise he could not hax'e 
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Polycythemia Vera 

Polycythemia vera or erythremia may be regarded as an analogue of 
myelocytic leukemia, that is, as a disease in Y^hich the red cell series 
rather than the granulocytic series is stimulated to increased activit^r It 
has been advocated that m erythremia the enlarged spleen should be 
regarded as serving a protective function and that therefore it should not 
be irradiated, that, on the contrary, all the treatment should be directed 
to the bone marrow, which is the primary seat of the disease The same 
argument imght seem to apply to myelocytic leukemia, yet general expe- 
rience has shown that in that disease irradiation of the spleen as a rule 
gives results superior to those obtained by treatment of the bones How- 
ever, m treating erythremia by local irradiation we do now as a rule, 
direct our radiation to the bones (spine, sternum and ends of long bones) 
Sgalitzer and others claim excellent results m erythremia by s)^stemanc 
total body irradiation Sgalitzer reported good results m forty-two of 
forty-four cases, stating that in the recurrences one and one-half to five 
and one-half years later he obtained just as good response as in the first 
cycle of total irradiation, and that these recurrences took place much later 
than after the expensive, time-consuming cycles of local irradiation of 
multiple fields 

Hov'e\’’er, in this field there are certain cases termed erythroleukemia 
in V Inch usually the dominating features at first are those of erythremia, 
but in V hich the spleen may be unusually large, the v hite cell count 
unusually high and the percentage of myelocytes in the blood count 
unusually great In such cases the red cell count may fall after some 
months, so that instead of polycythemia the patient develops an anemia 
and then the features of myelocytic leulcemia may begm to predominate 
In such cases we find that treatment of the spleen may be more efficacious 
than treatment of bones in relieving symptoms 

Summary 

In summary, the problems of treatment of the lymphomatoid diseases 
are many and complex, by reason of the great diversity of lesions in this 
group of maladies Here are presented the mam principles which cur- 
rently seem to me best to follow in caring for the more typical forms by 
means of irradiation 
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BIOLOGICAL OXIDATION AND VITAMINS 
Harvey Lectwe, May i8, 1939 

Albert Szent-Gyorgyi 

s YOU know, the ulumate source of all energy, sustaining 
life, IS the radiant energy of the sun The energy of the 
sun’s rays is captured by the green dyestuff of plants, the 
chlorophyl This radiaang energy cannot, as such, sup- 
port life, for if It were essential, life would fail at night 
Thus the energy is used to build up carbohydrate molecules from car- 
bon dioxide and water, the excess of O being sent back into the atmos- 
phere as O2 In essence these carbohydrate molecules represent small 
parcels of energy, which can be stored and released by the cell according 
to needs The “unpacking” of these parcels is the reverse reacuon, in 
which the carbohydrate molecule is united again with oxygen to form 
carbon dioxide and water This process we call oxidauon or combustion 
This oxidation is thus the ultimate source of all our energy Since all 
cellular functions consume energy, oxidation is mumately connected 
with all activities of the cell and stands, so to speak, at the center of life 
During the last decades our conceptions regarding biological oxida- 
tion have been revolutionized and today oxidation represents one of the 
widest and most fruitful fields of biological research 

When speaking of oxidation we must always bear in mind one thing, 
1 e that Its purpose is to liberate energy and to liberate it in a form which 
can be used to mamtain cellular functions 

Misled by the analogy of the steam engine, it was thought a few 
decades ago that in this process the molecule of foodstuff was simply 
attacked by oxygen, with the liberation of its energy in the form of heat 
But there is this fundamental difference between the steam engine and 
our body the latter is unable to use heat as a source of energy Moreover, 
at the relatively low temperature of our body, oxygen does not attack 
the foodstuff molecule It is evident that the process has to be activated 
m some way to take place at 37°C It is natural that investigators looked 
first for an activation of oxygen, several active forms of oxygen being 
knovnn to the chemist 
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O AVarburg proved first that the oxygen is “activated” in cells He 
studied the effects of cyanide, a poison which stops biological oxidation 
even at minimal concentrations This substance has one peculiar property, 
and this is to form very easily coordmation complexes with metal-atoms 
Thus AA^arburg arrived at the conclusion that cyanide stops respiration 
by inactivating certam metal-atoms responsible for the activation of oxy- 
gen These metal-atoms are linked to protein and these metal-proteids 
have the properties of an enzyme, the metal acting as the acuve prosthetic 
group AA'arburg called this metal-proteid the “respiratory enzyme ” 
Somewhat later, H AAfieland, studying hydrogenation processes, ar- 
rived at another theory of respiration It is known that orgamc molecules, 
having a double bond, can be made to take up hydrogen if treated with 
hydrogen in the presence of a catalyst, such as colloidal palladium The 
metal combines with hydrogen and “activates” it AAfieland found that 
this process is reversible and H can also be detached from organic mole- 
cules in the presence of a suitable catalyst, if, instead of adding H2 to the 
system we add a substance that is capable of binding H, 1 e an “H ac- 
ceptor ” Detaching H from an organic molecule is an oxidation AAfieland 
arrived at the conclusion that biological oxidations proceed in a similar 
way in oxidizing the organic foodstuffs, their H’s being “activated” and 
detached, provided there is a suitable “H acceptor” present Molecular 
oxygen, in AVieland’s conception, is such an “H acceptor,” while the 
foodstuff molecule itself acts as an “H donator ” The acuvating enzyme 
we call “dehydrogenase” according to Thunberg’s nomenclature The 
place of the lost H’s in the foodstuff molecule is taken by H-OH, water 
In this way the molecule, by repeated dehydrogenation and hydration, 
becomes richer and richer in oxygen. Until it is completely oxidized 

But how does all this work from the energy standpoint^ AA'e must 
remember that the aim of oxidation is in the first place the liberation of 
energy The detaching of hydrogen from the organic molecule does not 
liberate energy Neither does the introduction of water yield energy* 
The whole energy of oxidation is liberated in the oxidation of the hydro- 
gen It IS well known that the oxidation of hydrogen is one of the greatest 
energy’^ yielding reactions of chemistrj'^ 

These are quite simple statements but their consequences are rather 
far-rcacliing They tell us that Nature knows, in essence, but one fuel 
and this is h\ drogen All our food is essennally but a fixed form of hydro- 
gen and all the energy w Inch supports life is dern ed from its oxidation 
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With the formanon of water 

We thus have the whole energy cycle the plant cell, with, its chloro- 
phyl stores the energy of the sun, separating the elements of v ater, fixing 
the hydrogen to a solid carbon cham and sending the oxygen back to the 
atmosphere All cells cover theu: energ)?- need by reversing the process, 
taking the hydrogen from the orgamc molecule and uniting it again with 
the oxygen from the air 

It was thought at one time that the two theories, the theory of Wie- 
land and the theory of Warburg, were contradictory My first modest 
step in this domain xvas to show that there was no contradiction and that 
in the animal cell “activated oxygen oxidized activated hydrogen ” 

The next step of development is linked with the name of D Keihn, 
who rediscovered certain hemin derivatives, found many years before by 
MacMunn Keihn called these substances “cytochromes” and show^ed in 
classic experiments that they are substances involved in respiration As 
Keilin taught us, there are three cytochromes. A, B and C C}’toclirome 
C has been isolated and shown to contain an iron atom Probably the 
other two likevnse contain iron The metal atom is the active constituent 
of the molecule In respiration this metal is alternately oxidized and re- 
duced from Its higher to its lower valency (ferric-ferrous) The three 
cytochromes are shunted in series A is oxidized by Warburg’s enzyme, 
A oxidizes C and C oxidizes B (Ball, Laki) Then cytochrome B oxidizes 
the hydrogen of the foodstuff, the “H donator ” The H’s of the foodstuff 
thus do not react immediately xvith the ox}’-gen Oxygen and hydrogen 
are separated by the series of cytochromes and Warbuig’s enzyme The 
latter I Avill refer to as “cytochrome-oxidase,” for its function is to oxidize 
cytochrome 

It IS worthwhile to consider for a moment the implications of these 
findings Of what does the oxidation and the reduction of a metal-atom 
consist^ "What is the difference, let us say, between ferrous and ferric 
iron^ The difference is that the ferrous atom contains one more electron 
than ferric When the hydrogen is oxidized by the Fe of cytochrome B 
It gives over its electron to the metal The hydrogen itself acquires 
thereby a positive charge and becomes a hydrogen ion and unites v ith 
OH ions present in xvater The electron added to Fe is then transferred 
from metal to metal, i e from cytochrome to cytochrome, then to the 
cytochrome-oxidase, to be transferred eventually to oxygen The oxy- 
gen, after having taken up four electrons, can unite with four hvdrogen 
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ions of the w ater to become two molecules of water There is thus m the 
cell a whole chain of electron transfers m which the hydrogen of the 
foodstuff serves as an “electron donator,” the oxygen serves as an “elec- 
tron acceptor,” while the cytochromes with their oxidase serve as “elec- 
tron transmitters ” The role of oxygen in respiration is thus limited to 
accepting the electrons At every step the electron itself liberates a 
certam quantity of its energy On this series of electron transfers about 
two-thirds of the total energy of oxidation is liberated 

To sum up, the hydrogen of the foodstuff is activated by the specific 
enzymatic activators, the “dehydrogenases,” yields its electron to cyto- 
chrome and is transferred through the series of metals to oxygen From 
the investigations of Thunberg we know a number of such dehydro- 
genases, which could activate the hydrogen of different foodstuff mole- 
cules But IS It really the sole function of dehydrogenases to split off the 
hydrogen of the foodstuff molecule and make its electron available to 
cytochrome’ This M^as the question I asked myself a number of years 
ago Studying the enzymes of muscle I was struck by the fact that there 
nas one among these dehydrogenases which had specific qualmes Its 
resistance and kinetics (O type) were extraordinary and its activity 
amazing This dehydrogenase was the succmodehydrogenase, the dehy- 
drogenase of succinic acid, discovered long ago by Thunberg How were 
we to explain that Nature should produce such an extraordinary enzyme 
for succinate, m hen we had no reason to believe that succinic acid itself 
M'ls one of the principal foodstuffs’ Aided by my faithful collaborators, 
Banga, Gozsy, Huszak, Laki, Straub and others, I arrived at the conclu- 
sion that the function of this enzyme Mas not to split off H from a 
foodstuff but to transfer H from the foodstuff to cytochrome Succinic 
acid IS activated and dehydrated by this enzyme to fumaric acid, the 
tw o free valencies being joined in the form of a double bond (Figure i) 
Fumaric acid is hkevisc actuated by the same enzyme, the “succino- 
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IS one of the most fundamental chemical processes m Nature As I uall 
show you later, the same dicarboxylic acids probably also play a funda- 
mental role in the respiration of plants * 

Further development in this field is linked with the discovery and 
analysis of the codehydrogenases Some fifteen years ago I obsen'^ed that 
certain dehydrogenases, as the dehydrogenase of lacnc acid, acted only 
m the presence of a thermostable substance This coenzyme was later 
purified in my laboratory and found to be a nucleotide von Euler and 
Nilsson show ed that Euler’s “cozymase,” likewise a nucleotide, tvas cap- 
able of acung as codehydrogenase Bur real progress was made tvhen 
Warburg discovered that this codehydrogenase contained a pyridine 
derivative, nicotinic acid amide This pyridine acted as an H acceptor, 
one of Its double bonds being hydrogenated Apart from the succino- 
dehydrogenase, all dehydrogenases acting in the mam respiration cycle 
seem to need codehydrogenase 

These findings not only lengthen the knoum chain of oxidations but 
also throw a new light on the nature of dehydrogenases We must now 
look upon a dehydrogenase, like the malic-, lactic- or triose-phosphoric- 
dehydrogenase, as upon a specific protein which is capable of adsorbing 
and activating simultaneously two substances, and of causing two H 
atoms to pass from one to the other If tve take the oxidation of triose- 
phosphate, the first thmg that happens is that this sugar is adsorbed and 
activated by a specific protein, the dehydrogenase At the same time the 
coenzyme is also adsorbed and activated, two H’s pass from the sugar 
to the coenzvme and w e obtain oxidized sugar and dihydro-coenzyme 
Now the dihydro-coenzyme is adsorbed by the malicodehydrogenase 
together with oxaloacetate and the two H’s pass from the dihydro- 
coenzyme on to the oxaloacetate and we obtain coenzyme and dihydro- 
oxaloacetate, 1 e malate Now malate again gives its two H s to the 
coenzyme, and the coenzyme transmits them to fumarate 

At this point xve get into difficulty, for the dehydrogenase that ac- 
ti\ ates fumarate (the succmodehydrogenase) does not activate coenzyme 

* Liteh the role of H tnnsporters of the clicarbowlic acids has been denjetl b' 

H X Krebs \\ ho belie\es tint these acjcls net onh as members in 1 more complicate c' c 

of cirboln rlrate breakclonn Krebs is of the opinion tint oxaloacetate combines in muse e 
Mith an oxide of triose to citric acid, and the citric acid oxidizes to succinate The succina e 
IS oxidized to oxaloacetate, and the cicle begins again I am unable to accept Kreis 
generalization Even if this cvcle exists, it represents, as shown h\ Ihomas, onlv an act 1 
tional function of the dicarboxvlic acids 
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As I pointed out two years ago a member of the cham w as missmg at 
this pomt which had to transmit H from the dihydro-coenzyme on to 
fumarate I suggested that this “something” might be a “yellow enzyme ” 
These “yellow enzymes” are specific protems which hold adsorbed a 
yellow aUoxasme dye, which was observed first m my laboratorv^ Later 
It was shown by Warburg that these dyes acted in conjunction with 
specific protems Recently F B Straub, working m Kedin’s laboratory, 
has isolated such an aUoxasine protem which seems to answer all the 
requirements Its exact place in the oxidation cham is not yet ascertained, 
but probably it is identical with the aUoxasme protem, tentaavely postu- 
lated two years ago between malate, the dihydro-coenzyme and fuma- 
rate, respectively Straub’s substance is also identical with the substance 
described by von Euler and Adler as “Diaphorase” and by Green and 
Dewan as “coenzyme factor ” Unfortunately, time is too short to enter 
into detailed discussion of these catalysts, but I hope that this mcomplete 
description brings out the pomt that the mechanism of biological oxida- 
tion represents a very complicated chemical apparatus of high complexitv', 
specificity and precision This mechanism liberates the energy* of the H 
piecemeal, shifting the H atoms of the foodstuff molecule from sub- 
stance to substance, then detaches the electron of H, and sends it through 
a series of metals to oxygen, hberatmg m this way the energy- of the 
electron m appropriate smaU quantities fit to be used by the ceU for its 
different functions 

I am hoping that you wiU forgive me if I do not present on this oc- 
casion an impartial review of the problems of oxidation, but instead 
present the development of the field from the narrow angle of my per- 
sonal experience, givmg undue prominence to my ovn work To take 
this wholly personal outlook I must confess that m starting m this field 
some fifteen years ago my primary mterest was not oxidation at all 
A^^hat I reaUy wanted to know w as the funcnon of the adrenal cortex 
At that time we knew next to nothing about it AA^e only knew that man 
could not live v ithout adrenals and turned brown before dvinsf You 
all know that one of the t)q)ical symptoms of adrenal corneal deficiency, 
or Addison’s disease, is the brov n pigmentanon of the skm and mucous 
membranes Now about half of the plants, including potatoes apples, 
pears and bananas, do the same thing they turn brow n w hen dying I 
have ahvays been convinced of the fundamental chemical umrs* of h\ insr 
Nature and I thought that the brown pigmentanon in dying plants and 
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m patients with Addison’s disease might have a common chemical foun- 
dation In regard to the pigmentation of plants we knew from Palladia’s 
work that it is connected with the disturbance of biological oxidation 
systems Consequently, I decided to take up the study of oxidation, 
hopmg that if I understood oxidation better I also would understand the 
adrenal gland 

It was known that the brown pigmentation of dying plants was con- 
nected with the activity of a specific enzyme, a polyphenoloxidase which 
oxidized polyphenols, mostly catechol derivatives Different theories 
were presented concerning the mechanism of this action I was able to 
show that the enzyme simply oxidized the polyphenol into the corre- 
sponding diqumon, taking off its two H’s (Figure 4). The diqumon, if 
not reduced with sufficient rapidit}^, combines with proteins or ammo 
acids to form highly colored melanoid substances 


yOH 

V-OH 



\J 


Fig -1 


The enzyme itself, the polyphenol, was lately isolated by Kubowitz 
in Warburg’s laboratory and shortly afterwards by Keilin and was found 
to be a metal-proteid of copper 

This system, however, did not explain to me the function of the 
adrenal gland So I turned the question around and did not ask why 
patients with Addison’s disease turned brovm, but why it was that we, 
who had normal adrenals, remained unpigmented This could not be 
learned from the polyphenoloxidase plants, so I started to analyze the 
respiration of other plants which failed to turn brown when dying 
About half of the plants, such as lemons and cabbages, do not turn brown 
when dying 

I soon found that the )uice of these plants not only failed to turn 
brown itself but also prevented the juice of the polyphenoloxidase plants 
from turning brown, when the two juices were mixed The inhibition 
M'as not complete, lasting only a few seconds, but was distinct The 
analysis showed that this inhibition was due to the presence of a substance 
with peculiar properties which greatly fascinated me The most striking 
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feature of this substance was its strong reducing power It contained two 
very labile H atoms which explamed the inhibition of pigment formauon 
By means of its two H’s the substance reduced the quinols to phenol 
again, rev ersing the reaction shown in Figure 4 

The substance was crystallized and analyzed to a certain extent I 
will not dwell upon details of its history for you all know it today as 
ascorbic acid, and you also know that it is identical with vitamin C One 
of the most exciting phases of that research was the discovery of a rich 
source of ascorbic acid m Hungarian red pepper, the discovery of which 
made the preparation of several pounds of the pure vntaimn possible 
This substance was distributed to all workers desirous of investigaung it, 
and their collaboration led in a short time to the complete analysis and 
synthesis of the vntamin That highly spirited international collaboration 
of those days is still one of my pleasantest scientific memories 

Along with ascorbic acid I found in some plants an enzyme which 
could oxidize the acid in a reversible way and seemed to be invoHed, 
together with ascorbic acid, in respiration The existence of this enzyme 
IS denied in some quarters but I find it difficult to accept this conclusion 
This ascorbic acid oxidase has not yet been isolated It is probably a 
Cu protein, as is the polyphenoloxidase 

To reduce O2 to water we need four electrons and four H 10ns Thus 
to reduce oxygen to water the enzyme would have to hold the O2 mole- 
cule till It took up four electrons Cu is unable to do this and will release 
the O2 after it has taken up two electrons and two H 10ns, and is thus 
reduced to H— O— O— H, hydrogen peroxide Whenever the oxidation 
of a substance like a polyphenol or ascorbic acid is catalyzed by copper 
or a copper-proteid there is a formation of peroxide Accordingly, in the 
presence of ascorbic acid oxidase and polyphenoloxidase w'^e find a second 
enzyme, a peroxidase, vv'^hich vvnll react vvuth the peroxide and uulize this 
peroxide for the oxidauon of a second molecule of catechol or ascorbic 
acid To sum up catechol-oxidase will oxidize two atoms of H from a 
molecule of catechol in the presence of O2 The catechol is oxidized to 
quinon (Figure4),vv^hilethe02isreducedtoperoxide O2 4 - CgH4(OH)2 = 
H2O2 -f Cc H4O2 The H2O2 thus formed vv^ill react vvnth peroxidase 
and oxidizes a second molecule of catechol H2O2 + CcH4(OH)2 = 
2H2O -f C4H4O2 The reaction in the case of ascorbic acid oxidase is 
analogous, except that the peroxide with the peroxidase will oxidize a 
phenol and the oxidized phenol in turn w ill oxidize a second molecule of 
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ascorbic acid These phenols are specific, are members of the group of 
the yellow benzopyrane dyes studied by Kostanecky and Perkins, and 
are called, according to their structure, flavones, flavanoles or flavanones 
I have talked at such length about these reactions because we found 
that these dyes acting together with ascorbic acid also had a therapeuuc 
potency u^hich had certain characteristics of a vitamin action We tenta- 
tively called these substances vitamin P However, we were unable to 
demonstrate the vitamin nature conclusively in the animal experiments 
Our otvn obsen^ations on guinea pigs were not corroborated Beyond 
doubt the therapeutic action of these substances, which is capable of 
restormg the normal resistance of damaged capillaries, makes them avail- 
able for the treatment of disease (vascular type of hemorrhagic purpura) 
for which medicme hitherto has had no Temedy 

But to come back to oxidation, there was something disquieting in 
these results In all systems hitherto discussed the action of O2 was cata- 
lyzed by a metal or series of metals The metal then oxidized reversibly 
two H atoms of an organic substance In the muscle this substance was 
succimc acid In certain plants it was catechol, in others ascorbic acid 
It would be difficult to find three more heterogeneous substances and we 
w^ere unable to give any reason why Nature selected these particular 
compounds for this end Moreover, a greater uniformity v as to be ex- 
pected m such a fundamental process as oxidation Another very disquiet- 
ing matter was that in spite of all this work we did not know how plants 
really respired I do not Avant to lose myself m details and will limit 
myself to tellmg you that there were serious reasons for believing that 
neither the polyphenoloxidase, nor the ascorbic acid oxidase were really 
involved in respiration and so we had no idea how plants respued, what 
the enzyme xvas w'^hich interacted in plants with O2 and what the sub- 
stance w^as on vfiich this enzyme acted 

It became evident that something of basic importance was still to be 
learned To find out what this xvas, my faithful collaborators and I set 
out to study the catalytic action of metals which catalyze the dehydro- 
crenatincr oxidation of organic molecules Such oxidations are catalyzed 
by metals outside the cells, and xvhen the cell used metals to catalyze oxi- 
dation It did not invent a new principle, it merely applied an age-old 
reaction, but applied it in a very clever way linking the metal to a 
specific protem m the cell and thus givmg it a chance to act at its best 
There are two current theories to explain this catalytic activity’’ of 
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metals The one is the very complicated radical theory of Haber The 
other theory is the simpler one According to the latter the metal simply 
oxidizes the H of the organic molecule, taking over its electron The 
metal thus reduced gives this electron in a second reaction to oxygen 
To use different and simpler words, the function of the metal is to be 
alternately oxidized by the O2 and reduced by the H We found that 
none of these theories explained the changes and what really happened 
was that the metal combined, by its coordinate valencies, with the anion 
of the organic substance to be oxidized By this combination both sub- 
stances, the metal and the organic molecule, forming now a single mole- 
cule, are “activated ” We obtain thus a complicated coordinative 
molecule m which the metal acts as a central atom Now the valencies of 
this metal combine with a molecule of O2 Both the O2 and the organic 
molecule to be oxidized arc built thus by the metal into a single molecule 
Electrons are then transferred within this molecule via the metallic cen- 
tral atom from the organic molecule to the O2 I will not go into the 
details of these reactions The important matter is that the organic mole- 
cule, which IS to be oxidized, has to answer very strict specifications It 
must contain two OH groups at a certain distance, with a double bond 
between the C atoms holding these OH groups The most suitable forma- 
tion IS the dienol grouping 

-C-OH 

II 

-C-OH 

This formation is very unstable and thus very rare, and is found only 
m a very limited number of natural substances One substance in which 
It IS found IS catechol, where it is stabilized by the aromatic cycle Thus 
we are able to give an adequate reason why Nature applied catechol in 
this oxidation mechanism Another substance, containing a dienol group, 
IS ascorbic acid, in which the dienol is stabilized by the acid-lactone ring 
Thus we can give the reason why Nature also applies this substance At 
the same time the apparent heterogeneity of catechol and ascorbic acid 
disappears, in essence both are dicnols 

There is 1 third relatively common substance containing the dienol 
group, dioxymalcinic acid, in which the dienol formation is stabilized 
by the two neighboring COOH groups (Figure 5) If all our ideas v ere 
correct we ^\ould have to expect that this substance is also employed 
bv Nature in oxidation mechanisms I shall now describe the last phases 




468 


THE BULLETIN 


of my most recent research Experiments of Banga, Philippot and myself 
show that of the twenty-five plants examined all contain an oxidase for 
dioxymaleimc acid In some plants the enzyme has a very striking activity 
It IS the most active oxidase known There is reason to believe that in 
this enzyme we have found the way in which oxygen enters into vege- 
table respirauon Furthermore, we hope that this enzyme will shortly 
give us the explananon why Nature in animal cells utilizes succinic acid 
If you compare the formulae of succinic acid (Figure i ) and dioxymalei- 
nic acid you will observe that the two substances are closely related, 
dioxymaleimc acid being simply an oxide of succinic acid 


COOH 

I 

COH 

II 

COH 

I 

COOH 

Fig 5 


I cannot cover my subject completely, nevertheless, I hope that I 
have made clear the great changes that have taken place during the last 
decades in our conceptions regarding biological oxidation The field is 
hardly opened, but already it has given us a deeper insight into Nature’s 
^vays. It has yielded new substances, some of which are of vitamin 
nature and of great importance to health I have discussed alloxasines, 
the dye component of yellow enzymes, substances connected with H 
transportation and dehydrogenation The nicotmic acid amide of the 
codehydrogenases also acts as a member of the vitamin B group Vitamin 
C was crystallized in the course of an analysis of vegetable respirauon 
The therapeutic action of Vitamin P was also discovered in the course 
of these experiments I should also have mentioned Vitamin Bi, a sub- 
stance which IS closely connected with oxidative processes Oxidation 
studies have thus not only helped us to reveal the existence of new active 
substances but have also given us information concerning their exact 
function and have taught us to regard vitamins no longer as mysterious 
bearers of life and health but as simple little wheels in this wonderful 
chemical mechanism, the perfect functioning of which we call simply 
life and health These studies have also given us weapons for fighting 
disease and reducing human suffering, weapons not less sharp than the 
surgeon’s knife 
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THE DIAGNOSIS, TREATMENT, AND 
PREVENTION OF VITAMIN Bi DEFICIENCY^ 

Norman Jolliffe 


Diagnosis 

HE diagnosis of vitamin Bi deficiency depends, at the 
present time, mainly upon a clmical evaluation of the 
history and the signs and symptoms presented by the 
patient The clinical syndrome may be so typical that a 
positive diagnosis can be made, or so vague that it is 
difficult or even impossible to diagnose It is hoped, however, that the 
chmcian will soon have at his disposal a practical laboratory method to 
aid m the diagnosis 

The signs and symptoms attributed to vitamin Bi deficiency are 
legion, the most definite being anorexia, fatigue, and a neurological and 
a circulatory syndrome Anorexia and fatigue, are non-specific In their 
presence the possibihty of vitamin Bi deficiency should be considered and 
confirmatory signs should be sought When these symptoms occur with- 
out supporting objective signs, and do not defimtely respond to thiamin 
therapy within seventy-two hours, they are probably not due to 
vitamin Bi deficiency alone 

The neurological manifestations are those of bilateral and symmetrical 
polyneuritis involving first and predominantly the lower extremities 
Peripheral neuritis that involves a single nen’^e, or that is not bilateral and 
symmetrical, or that does not involve first and predormnantly the lower 
extremities is, in our experience, probably not due to vitamin Bi defi- 
ciency alone For such neuritides other etiologic agents should be sought 

For the purpose of chmcal investigation we have classified the neu- 
rological manifestations according to severity into four groups sug- 
gestive, mild, moderate, and severe Heaviness of the lov er extremines, 
and calf muscle cramps are usually the first symptoms ^ These are fol- 
lowed by paresthesias in the toes and fingers, burmng of the feet, and 

* Rcid Februao 2 1939 at The New \ork Acadcm> of Medicine m the Sjmpo lun on \ itamins 
with Special Reference to Therapx 

From the Department of Medicine New ^ ork Unnersitv College of Medicine and the Medical 
SerMCC of the P«:^chlatrlc DiMsion Belle\uc Hospital New \ork 
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pain in the legs It should be emphasized that pain, though nearly always 
present, can often be elicited only by a leading quesuon Calf muscle 
tenderness and plantar hyperesthesia are as a rule the earliest objective 
signs The hyperesthesia may extend up the ankles and legs in a sock dis- 
tribution Vibratory sensation may be lost m tlie toes These signs wt 
classify as suggestive, and a positive diagnosis of polyneuritis is not 
made, as circulatory disturbances may cause these or very similar find- 
mgs "When, hov^ever, in addmon to these signs, the ankle jerks are 
absent, a diagnosis of mild polyneurms can be made As the deficiency 
continues, the sensory and motor changes advance, the knee jerks dis- 
appear, posmon sense m the toes becomes impaired, calf muscle atrophy 
develops, and foot drop follows We classify this degree of mvolvement 
as moderate, provided the signs are confined to the lower extremiues 
^^Ten there is also involvement of the upper extremities, the spmal cord, 
or the cranial nen^’es, or vdien a “central neuritis” is present, we classify 
the polyneuritis as severe 

The circulatory manifestations of vitamin Bi deficiency do not form 
a rigid clinical picture They may occur in a person whose curculatory 
system is otherwise normal, or they may be superimposed on one pre- 
viously damaged by degenerative, hypertensive, or mflammatory disease 
These circulatory manifestations, as observed by V^eiss and AVilkins,* 
Jones and Sure® and m our clinic,^ may be classified as follows 

1 Edema and serous effusions occurring m the absence of conges- 
tive heart failure, enlarged heart, or recogmzed etiologic factors produc- 
ing edema and serous effusions 

2 Edema and serous effusions occurring with supportmg signs and 
symptoms of congestive heart failure, usually with definite roentgeno- 
graphic evidence of cardiac enlargement 

3 Sudden circulatory collapse which may be the first manifestation 
of circulatory failure or may occur after other signs of circulatory failure 
are well advanced 

The circulatory manifestations of vitamin Bi deficiency occur in 
about one-third of vitamin Bi deficient subjects manifestmg definite 
polyneuritis ^ They are more likely to occur m subjects with suggestive 
or mild involvement than in those having advanced neuritis This factor 
IS related to the ability of subjects with mdd neuritis to perform muscular 
exertion 

Some of the more characteristic diagnostic features of the circulatory 
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manifestations of vitamin Bi deficiency are 

1 Mild nature of the polyneuritis 

2 Increased or normal velocity of the blood flow m the presence of 
congestive heart failure 

3 Rapid response to specific therapy with complete and permanent 
reversibility of the circulatory manifestations 

Vitamm Bi deficiency should be suspected in the following groups 
of persons 

1 The indigent and low income groups The average American diet 
affords a margm of safety m vitamm Bi of 20 to 80 per cent ® This saferv^ 
margm, though below the optimum, provides sufficient vitamm Bi to 
protect against deficiency polyneuritis under ordinary physiologic con- 
ditions As this diet is average, it follows that a considerable fraction of the 
American population must consume a superaverage and a considerable 
fraction a subaverasre amount of vitamm Bi That this is true is evident 
from calculations (Table I) made of the margm of safety of dietaries of 
families of wage earners and low salaried clerical workers hvmg m 
industrial commumties of the Umted States during 1934-36® With the 
exception of one geographic group, families spending less than two 
dollars per week per capita for food are dangerously near or actually 
within borderline vitamm Bi/calory raaos If this be true for wage earn- 
ers, the indigent must consume even more of the cheap vitamm-free or 
vitamm-poor foods, such as sugar, white bread, rice, macarom and other 
refined gram products 

2 Persons who have erroneous dietary habits and food idiosyn- 
crasies For example, the dietary histor}^ may reveal regular consumpuon 
of extradietary supplements of vitamm-free calones as obtamed from 
sugar, com syrup, alcohol, candy, pastries, or soft drmks, vhich may- 
render a margmal diet madequate In evaluatmg the adequacy of a diet 
we must also scratmize the dietary of any subject who remembers what 
he has eaten The average person consummg a mixed dietary vithout 
food idiosyncrasies or restricuons rarely remembers this and is, there- 
fore, probably consummg a varied diet The more varied the diet, the 
less likely it is to be madequate 

3 The alcohol addict These subjects often consume amounts of 
vitamm-free alcohol sufficient to lower the vitamm Bi/calor}’- rano sig- 
nificantly, even if an otherwise adequate diet is maintained A smaller 
consumption of biologically good calories, and impaired absorpnon or 
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Table I 


MARGIN OF SAFETY IN VITAMIN Bj OF DIETS OF WAGE EARNERS 
AND LOW SALARIED CLERICAL WORKERS IN RELATION 10 WEEKLI 
EXPENDITURE ON FOOD AND GEOGRAPHICAL SECTION* 


VITAMIN/CALORY RATIOS 



Weetly Exp 

Thiamin 

Safety 

VitaminB, Safety 

Region, 

per food 


— Margin 

Marqm 

number of families 

Const 

N F calory 

% 

calory 


North Atlantic 

1 33 - 1 99 

0 308 

+ 3 

222 

— 3 

ISOl nhite families 

2 00 - 2 66 

329 . 

+ 10 

2 54 

411 


267-332 

370 

+ 23 

2 87 

423 


3 33-3 99 

320 

4 - 7 

2 97 

429 


4 00-4 66 

404 

+ 35 

3 00 

431 

Pacific 

1 33 - 1 99 

0 442 

47 

2 85 

424 

688 nhite families 

2 00 - 2 65 

363 

+ 21 

2 67 

416 


267-332 

357 

+ 19 

2 95 

428 


3 33-399 

349 

4- 16 

2 69 

413 


4 00-4 66 

373 

+ 24 

284 

424 

East South Central 

0 67-1 32 

0 256 

— 15 

2 30 

— 0 

426 white families 

133-199 

327 

4 . 7 

219 

— 4 


200-266 

344 

4 - 15 

2 37 

+ * 


267-332 

391 

4 - 30 

2 57 

+12 

South 

0 67 - 1 32 

0 318 

4 - 6 

2 00 

—13 

284 Negro families 

1 33 - 1 99 

351 

4 - 17 

2 31 

4 ] 


2 00-2 66 

339 

+ 13 

2 40 

4-5 


267-332 

367 

+ 22 

2 69 

417 

Sherman’s Vierage 

American Diet 


0 539 

4 - 80 

2 74 

420 

New York Budget Council 

1 75 

0 650 

4-113 

3 08 

42s 


Utilization of the vitamin, are addmonal factors leading to vitamin defi- 
ciency in these subjects 

4 Panents having diseases altering the vitamin Bi requirement The 
better known of these are listed in Table 11 The primary factors that 
raise the vitamin Bi requirement are increased total metabolism, reduced 
absorption of the vitamin from the gastrointestinal tract, and increased 
excretion of the vitamin following absorption 
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FACTORS INCREASING 

Table II 

IHE VITAMIN Bj REQUIREMENT’' 

I Increaie tn Total Meta- 
boltsm 

77 

Faulty Assimtlation 

777 Increased Excretion 

A 

Abnormal actnit\, as 

V 

Diarrhea, especiallv of 

A Polvairia, as in 


associated with 


long duration, as in 

1 Uncontrolled dia- 


I Prolonged strenuous 


1 Llceratire and 

betes mellitus 


actniU 


mucous colitis 

2 Diabetes insipidus 


2 DeliriurJi 


2 Intestinal parasites 

3 Long continued 


3 Alanic depressive 


3 Intestinal tubercu- 

excessive fluid in- 


psv chosis, manic 


losis 

take, as in urinarv 


t\pe 


4 Sprue 

traet infections 

B 

Fever, especiallv of 

B 

Gastrointestinal 

B Lactation 


long duration, as in 


flstulae 

• 


1 Tuberculosis 

C 

Diseases of liver or 



2 Tv'pboid 


gall bladder 



3 Malaria 

D 

Achlorhv dna 


C 

Hvperthvroidism 

E 

Carcinoma of stomach 


D 

Pregnancv 




E 

Rapid growth 





Treatment 

The treatment of vitamin Bi deficiency consists of rest, diet, vitamin 
Bi, and correction of the factors responsible for the deficiency 

Because of the danger of circulatory collapse on exertion, rest is 
essential for all subjects showing evidence of moderate or severe vitamin 
Bi deficiency, complete rest if the patient has severe polyneuritis or 
shows circulatory manifestanons Before y e realized the importance of 
absolute bed rest, y e had a few unfortunate accidents, the sequel of 
y^hich y^as sudden death This danger apparently ceases after a short 
period of adequate treatment We, therefore, confine these patients to 
bed the first few days But after a few days of thiaimn therapy the patient 
is made ambulator}’' as soon as possible, in order to prevent shortened 
muscles and to obviate much physiotherapy 

During the last sl\ years, worlcing ynth Doctors Joffe, Colbert, 
Boy man, Goodhart, Rosenblum and Fein, tve have attempted, among 
other things, to ascertain the most effecuve dose of vitamin Bi, the most 
effective route, and the various factors modifying the response to thiamin 
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chloride For these studies we selected patients having a mild polyneuritis 
(the so-called “standard” subject), which, on the basis of history and of 
clinical characterisacs, was thought to be due to vitamm Bi deficiency 

We are aware of the hazards of drawing conclusions from therapeutic 
results Improvement m these patients cannot as yet be gauged by a 
practical laboratory procedure Furthermore, polyneuritis due to vitamin 
Bi deficiency is a chrome disease, subject to wide variaaons in degree of 
involvement, occurrmg in subjects who frequently have a multiple rather 
than a single deficiency and in whom the pathologic changes, because of 
extent or duration, may be so far advanced as to be irreversible For these 
reasons it was necessary to study a “standard” paaent, whom we selected 
in accordance with the following criteria there should be no clinical 
evidence of other deficiency disease, the signs of polyneuritis must be 
limited to the lower extremities, with the knee jerks presenmd and with 
no obvious muscle atrophy or foot drop, the patient must shov absent 
ankle jerks plus some demonstrable sensory changes, such as calf muscle 
tenderness, skm hyperesthesia m a peripheral nerve distribution, and 
impairment of vibratory or position sense We judged the results of 
therapy on the basis of objective findmgs alone To mmimize mterpreta- 
aon, the tendon reflexes were recorded only as being present or absent, 
and sensory changes were recorded as to extent but not degree 

Smee these studies have yielded useful hints concerning therapy, the 
results will be summarized 

1 Improvement in objecave neurological signs of vitamin Bi defi- 
ciency does not result when a patient is maintained with a diet consisting 
of a vitamin Bi/ calory ratio of i 7 

2 When large amounts of vitamin B complex (vitamin Bi free), 
nicotimc acid, or riboflavin are added to diets containing a vitamin 
Bi/calory ratio of i 7 no improvement in objective neurological signs 
of vitamm Bi deficiency occurs ® 

3 With constant diets rich m the vitamin B complex, the rate and 
degree of improvement in the objective signs of polyneurias vary directly 
vuth the vitamm Bi mtake ° This is illustrated m Table III 

4 Diets containing a constant amount of vitamin Bi, but rich in the 
entire vitamm B complex, apparently lead to a greater improvement in 
objective signs of polyneuritis than diets poor in vitamm B complex 

5 The fracaon of the vitamm B complex responsible for this en- 
hanced action of thiamm is not known We have evidence that it is not 
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Table III 

IHFR VPEUTIC PiESPOXSE OF THE “STANDARD” PATIENT TO 
VAR-iING DOSES OF THIAMIN CHLORIDE 


Vitamm as 

Thiamin Chloride 

iV’c 

of Da us 

Per cent 

IVorse 

Per cent 
Unchanged 

Per cent 
Improved 

Per cent 

Cured 

1 mg 

21 

40 

60 

0 

0 

2 mg 

21 

0 

10 

90 

0 

3 mg 

21 

0 

0 

100 

40 

3 mg 

10 

0 

0 

100 

10 

13 mg 

10 

0 

0 

100 

50 


riboflavin or nicotinic acid, and that it is not present m the highly con- 
centrated fractions of liver extract effecave in pernicious anemia ® 

6 Phosphorylated vitamm Bi (or co-carboxylase) is apparently no 
more and no less effective than thiamin chloride ^ 

7 Administration of thiamm chloride by the intrathecal route pos- 
sesses no advantage over the intramuscular or intravenous route ® 

Using these facts gained from the study of our “standard” patients, 
and from the responses of our patients havmg moderate or severe mam- 
festations of vitamm Bi deficiency, we recommend the following dietary 
and specific treatment 

1 Insure that the diet is adequate m all respects One of the best ways 
of doing this IS to eliminate all vitamin-free or vitamin-poor foods such 
as white bread or crackers, pastries, alcohol, com syrup, candy, com 
starch, polished rice and soft drinks Yet the diet must be one that the 
patient can eat, digest and assimilate For paaents who are extremely ill, 
the diet must be largely restricted to milk, cream, ground liver, pureed 
legumes, thin w^hole gram cereals and fmit juices, administered if 
necessary- through the nasal catheter in hourly feedings Follovnng im- 
provement, or in less severely ill patients, w-^hole w’^heat bread or crackers 
IS added, the legumes need not be pureed, other vegetables and raw and 
cooked fruit are added, and a wnder variet}’- of meats permitted provided 
that 250 grams of either liver or pork muscle are included in one of the 
meals daily 

2 Supplement the diet by vitamm preparations These supplements 
should include daily 50,000 international units of vitamm A. 400 to 500 
mg of cevitamic acid, and a rich source of the entire i itamm B complex 
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To insure the adequacy of the entire vitamin B comple\, m e routineli 
admmister one of the following 20 grams of vegev, 60 grams of brev'ers 
yeast, or 30 grams of aqueous liver extract We would like to stress that 
vitamin concentrates, especially those m pill or capsule form, are possibly 
lacking either quanataavely or qualitatively in one or more of the 
fractions of the vitamin B complex 

3 Admmister thiamin chloride in adequate amounts The specific 
therapy should be administered parenterally, erring on the side of wast- 
ing the vitamin rather than givmg a suboptimal amount If the patient is 
in circulatory collapse or in severe congestive heart failure, large amounts 
of thiamin chloride should be given, up to 1000 mg vithin the first 
nventy-four hours The first dose may consist of 100 mg intravenously 
and 300 mg mtramuscularly, with subsequent administration of 200 mg 
mtramuscularly every three to six hours During the second twentj^'-four 
hours the dosage of thiamin chloride should be reduced to amounts 
recommended for the less severely ill patients This latter group can be 
treated safely, depending upon severity, by administration of 50 to 200 
mg of thiamin chloride daily, preferably given in nvo doses, intramuscu- 
larly After the patient is saturated with thiamin chloride, the amount of 
thiamin may be reduced to 10 mg daily till convalescence is veil estab- 
lished Saturation may be recognized by the detecDon of a distinct odor 
resemblmg burnt rubber in the urine Following convalescence, the bal- 
anced diet supplemented by rich sources of the vitamin B complex is 
sufficient unless a complication exists requiring an unusual amount of 
vitamin Bi, in which case thiamin chloride should be continued in 
amounts of 5 to 10 mg daily 

The underlymg cause primarily responsible for the deficiency must 
be found and if possible eradicated It may be an inadequate diet, an 
underlying alcoholism, or some disease preventing the absorption or 
utilization of the vitamin 


Prevention 

The prevention of vitamin Bi deficiency consists of insuring an ade- 
quate intake of this vitamin This problem may be met in at least three 
x\ ays for the general population The first and best solution v ould be 
the substitution of xvhole wheat bread and vffiole gram cereals for white 
bread and refined cereals, plus a reduction in our annual per capita con- 
sumption of vitamin-free sugar and xntamm-free alcohol 
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A second possible solution would be the addition to vitamin Bi defi- 
cient foods of enough thiamin chloride to bring the vitamin Bi/ calory- 
ratio above borderhne levels Approximately o 5 mg of thiamin chloride 
for each 1000 calories would provide a sufficient margin of safety The 
cost of this added thiamin to the manufacturers would probably not be 
m excess of one-quarter cent per 1000 calories This method would not 
replace other nutritional factors removed in the milhng and refimng 
processes 

The third method would be for each mdividual consuming a sub- 
optimal diet to take a dady supplement of either 2 mg of thiamm chlor- 
ide, or, preferably, a preparation of the entire vitamm B complex contain- 
ing the same amount The latter method would be impractical for a large 
portion of our population because of the expense of these preparaaons 
The first two suggestions could be carried out with httle added cost to 
the consumer 

The prevention of vitamm Bi deficiency m persons in ill health con- 
sists of the recognition of the factors that alter the vitamin Bi requure- 
ment, followed by the administration of prophylactic amounts of vitamm 
Bi The administration of vitamm Bj alone to those m ill health may not 
be sufficient, and we therefore recommend the use of the entire vitamin 
B complex plus 5 to 10 mg of thiamm chlonde daily, as weU as other 
accessory elements of nutrition In diseases interfering wuth absorpnon, 
the parenteral route should be utilized A hitherto unrecognized danger 
exists of mducmg vitamm Bi deficiency in patients mamtamed with 
parenteral feedings of glucose, as m postoperauve condioons For such 
patients, this danger can be prevented by the routine administration of 
5 to 10 mg of thiamm chloride 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

FciinuAnT 2 — The New York Academy of 
Medicine Executive session — Reading 
of the minutes [[ Papers of the evening, 
Svmposium on vitamins with special 
reference to therapv — a] Vitamin A, 
Arthur M Tudkin, Clinical Professor 
of Ophthalmologv, Yale L’niversitv 
School of Medicine, b] Vitamin B, Nor- 
man Jolliffe, \ssistant Professor of 
Clinical Medicine, New York Universitv 
College of Medicine, c] Vitamin C, 
Gilbert Dalldorf, Director of Labora- 
tories, Grasslands Hospital, "S alhalla. 
Discussion bv Arthur J Patek, Jr, 
Soma M eiss, Boston, Philip FinUe 
[[ Report on election of members 

FiimtAna 16 — The Haney Society (in affili- 
ation with The Ne-e York Academy of 
Medicine) Ihc Fifth Harvev Lecture, 
“The pathologv of rickets with particu- 
lar reference to tlie clianges at the 
cartilage shaft ninctions of the grow- 
ing hones, Edw ards V Park, Professor 
of Pediatrics, The Johns Hopkins Lni- 
versitv School of Medicine 


Mvpcii 2 — The New Yorl Academy of Medi- 
cine Executive session — Reading of the 
minutes [j Papers of the evemng — Svm- 
posiura on arthritis — a] Gout, Philip S 
Hench, Professor of Medicine, Lniver- 
sitv of Minnesota (Mavo Foundation), 
h] The nature of hvpertrophic arthritis 
(degener itive joint disease), M alter 
Bauer, Vssociate Professor of Medicine, 
Harvard Universitv Medical School, c] 
Rheumatoid arthritis The problem of 
diagnosis and treatment, Ralph H 
Boots, \ssociate Attending Phvsicun, 
Presbvterian Hospital, Discussion In 
Philip D M ilson, Edward F Hartung, 
Albert B Ferguson ["Report on elec- 
tion of members 

\n exhibit was held in connection with 
the Stated Meeting It was arranged hv 
Dr Vlbert B Ferguson and consisted of 
various arthritides selected to compare 
and contrast the distinctive features of 
rheumatoid arthritis, osteoarthritis, gout, 
tuberculosis, suppurative arthritis and 
gonococcic arthritis m various states of 
these diseases and at various joints with 
particular reference to their differences 
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in type of destruction, decalcification, 
calcification and soft tissue reaction 

Mabch 16 — The Harvey Society (In affilia- 
tion with The New Torh Academy of 
Medicine) The Sixth Har\ey Lecture, 
Distribution of enzyines in tissue and 
cells, K Linderstrom-Lang, Carlsberg 
Laboratory, Copenhagen 

'\inii. 6 — The New York Academy of Medi- 
cine Executive session — a] Reading of 
the minutes, b] Election of Trustee 
^The fourteenth Hermann Michael Biggs 
memorial lecture was delnered by Mr 
Frederick Osborn, Research Associate 
m Anthropology, American Museum of 
Natural Histor\ on “The significance to 
medicine of present population trends ’ 
^ Report on election of members and 
corresponding fellons 

AriiiL 20 — The Harvey Society (in affiliation 
with The New York Academy of Medi- 
cine) The Se\ enth Har\ ey Lecture “Gen 
1 C and hormonal factors in some biolog- 
ical processes”, C H Danforth, Profes- 
sor of Anatomi, Stanford Universiti 

Mat 4 — The New York Academy of Medi- 
cine Executne session — a] Reading of 
the minutes, b] Presentation of diplo- 
mas ^ Papers of the ei ening — Symipo- 
sium on recent ad\ ances in the treatment 
of peripheral cascular disease — a] Clin- 
ical manifestations (25 min ), Irving S 
Wright, Associate Clinical Professor of 
Medicine, College of Phy'sicians and 
Surgeons, Columbia Unnersity, b] Med- 
ical treatment (25 min ), Edgar Y 
Allen, Assistant Professor of Medicine, 
UnnersiU of Jlinnesota (Mayo Founda- 
tion) , c] Surgical treatment (25 min ), 
Reginald H Smith;Mck, Assistant in 
Surgery, Har\ard Medical School, Dis- 
cussion, Be\erly Che^\ Smith (8 min), 
J imes C White, Boston (8 mm ) jf Re- 
port on Election of Members 

M w 18 — The Harvey Society (in affiliation 
xcith The New York Academy of Medi- 
cine) The Eighth Harcey Lecture, “Bio- 
logical oxidation and Mtamins,” Albert 
S/ent-G\org\i, Professor of Medical 


Chemistry, University of Szeged, Hun 
garj 

SECTION MEETINGS 

Fedruart 3— Surgery Papers of the e\ ening 
— a] The MiUer-Abbott tube as an ad 
junct to surgery of small intestinal ob 
struction, Octa Leigh and John A Rel 
son (bv invitation). Discussion b\ 
Henrv Graham, b] The use of vitamin 
K and bile salts m the prevention and 
control of the bleeding tendencv m ob 
structive jaundice, Kenneth B Olson 
(by' invitation). Discussion bv Robert 
Jloore, c] The treatment of staphvlo 
coccus septicemia with bacteriophage, 
Alfred Longacre and Helen Jern (bv 
invitation). Discussion bv Ward Mac 
Neal, d] The study of wound healing 
of transverse and vertical incisions m 
400 operations on the biliarv tract, Tolm 
Gius and Howard Barkley (bv invita 
tion). Discussion by Beverlv Smith, e] 
Electro-Thermic coagulation of aortic 
aneurv'sm, Arthur H Blakeniore (h\ 
invitation). Discussion bv Robert lew 

Fedruvry 7 — Dermatology and Siiplnlology 
Pi esentation of cases — a] Vanderbilt 
Clinic, b] jMiscellaneous cases ^General 
discussion ^Executive session 

FEBRUvnv 7 — Pediatrics Presentation of 
case — Adjustment problems in an ado 
lescent boy, Norvelle C LaMar (bv invi- 
tation) Round table discussion— The 
problems of adolescence, Herbert B 
M ilcox. Chairman, Beatrice A[ Kesten, 
Norvelle C LaAIar (bv invitation), 
Howard C Tavlor, Jr, and bv invita- 
tion Mr Law rence K Frank, ^ icc- 
President, The Macv Foundation, Airs 
.Milhcent Carev McIntosh, Principal. 
'IheBrearlev School, Mr James I AVcn 
dell. Headmaster, The Hill School 

Fedruarv J4^Neurology and P'^yclmlni 
Reading of the minutes Papers of tlie 
evening— a] Further investigation on 
affect and skin temperature, Bela Mit- 
telmann (bv invitation), Harold G 
AVolff, Discussion bv Frank Fremont- 
Smith, Paul Schilder, b] Electrocn 
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ceplnlographv and pneumencephalog- 
nph\ — a comparatne stud\, Leo M 
Da\ idoif, Margaret Rheinberger (bv 
in\itation). Discussion bv Cornelius G 
Dike, Kurt Goldstein (bv mutation), 
Armando Ferraro, Foster Kenned\ , c] 
A nev approach to the treatment of 
epilepsi, Manfred Sakel (bj mvitation). 
Discussion bi Foster Kennedi, Emanuel 
D Friedman, Ining H Pardee 

FEiinuARV 15 — Otolaryngology Reading of 
the minutes ([ Papers of the ei ening — 
Peroral endoscopi — a] Inception and 
deielopment, M C Mierson, b] Anes- 
thesia, R L Moorhead (bv mutation) , 

c] Bronchoscopic elinic, Daiid Jones, 

d] Indications for 1 Larvngoscopy and 
bronchoscopy, Rudolph Kramer, 2 Eso- 
phagoscopj, gastroscopv and duodeno- 
scopj, Charles J Imperatori, e] Con- 
traindications and accidents, John D 
Kernan, f] Single and biplane fluoro- 
scopy, F M Layy , g] Pneumograms, 
teehnic and interpretation, George R 
Brighton 

FmauARy 15 — Genito-Unnary Surgery 
Reading of the minutes ^ Case reports 
— a] Ruptured aortic aneurysm, simu- 
lating renal tumor, Saul J Pearlman 
(b} inyitation) , b] Carcinoma of the 
adrenal corte-y yiith adrenocortical syn- 
drome, Report of tno cases, Joseph 
1 enenbaum ^ Paper of the ey ening — 
Renal, perirenal and pararenal suppu- 
rations, John Duff, Discussion by Joseph 
A Hyams, Hoyvard S Jeck, Paul 
Asehner, Gordon Oppenheimer, Isadore 
Rubin ^ General discussion 

FiiinuAna 17 — Orthopedic Surgery Reading 
of the minutes ^ Presentation of cases 
^Papers of the ey ening — a] Subdeltoid 
bursitis treated by aspiration and yas- 
culariration, Joseph E Milgram, Dis- 
cussion by Leo Mayer, b] Painful shoul- 
ders, Robert L Patterson , c] ^ alue of 
electrical treatment of subdeltoid bur- 
sitis, Norman E Titus ^ General dis- 
cussion ^ E\ccutiy e session 

Febm \ny 20 — Ophthalmology E\amination 
of cases, 7 00 o’clock (bring instru- 
ments) ^ Reading of tlie minutes 8 15 


^ Case reports — a] Contact glass correc- 
tion of monocular aphakia yvith binocu- 
lar single yision, A E Toyyaa (by 
myitation) , b] Fuchs absorption stripes 
of the cornea, Joseph Layal, c] Sub- 
conjunctiyal injections of neo-prontosil 
in the treatment of eye infections, R 
Toyvnley Paton, d] Altitudinal hemia- 
nopsia associated yyith absence of radial 
pulse bilateral, H "W Broyvn (by invi- 
tation) , e] Relation of yascular disease 
to retinitis A neyv clinico-pathological 
study (with slides), S A Agatston, 
f] Unilateral lachrvmation associated 
yyith cheyving, Philip Adalman (by inyi- 
tation) , Discussion by Morns Bender 
(by imitation), g] Herpes zoster oph- 
thalmicus (left), Frances Richman (by 
imitation) , h] Keratoconjunctiyitis yvith 
pannus associated yvith acne rosacea, 
Conrad Berens, Paul McAlpine (bv in- 
vitation), 1 ] Fundus presentation with 
retinitis striata, Olga L Sitchevska (bv 
invitation), j] Bilateral cvstoid detach- 
ment of the retina, A L Kornzweig (bv 
invitation), k] Paralysis of the superior 
rectus in Grayes’ disease, Saul Miller 
(bj myitation), 1] Optic neuritis of 
rhmologic origin. Morns Jaffe, m] \ 
cyst in the vitreous, Frank LaGattuta 
(by invitation) 

FEBREynT 21 — Medicine Reading of the 
minutes Papers of the evening — a] 
Mechanism of nephritis induced bv anti- 
kidnev serum, Joseph E Smadel, Rocke- 
feller Hospital (bv invitation). Discus- 
sion bv Lee E Farr, Rockefeller Hospibil 
(bv invitation), b] Acute nephritis in 
relation to hemolytic streptococcus in- 
fection, John D Lyttle, Discussion bv 
\ R Dochez, c] The renal and vascular 
sequelae of glomerulonephritis, George 
Baehr, Discussion bv Dana AV Atchlev 

Fedro vrt 28 — Obstetrics and Gynecologn 
Presentation of cases — a] Repair of 
prolapse in the senile without anesthesia 
(two eases), David N Barrows ("Pa- 
pers of the evening — a] A modification 
of the Manchester operation (illustrated 
bv motion pictures), Paul V Younge, 
Boston (bv invitation). Discussion bv 
Robert T Frank, Harvev B Matthews 
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b] Management of breech presentation, 
read bv Christopher J Duncan, Brook- 
line (b\ miitation), Discussion bA James 
A Harrar (b\ invitation), M illiatn E 
Studdiford General discussion 

ScRGEny Instead of the regular meeting on 
!March 3, the Section of Surgerv held a 
combined meeting with the Section of 
Medicine on JIarch 21, 

Mahcii 7 — Dermatology and Syplnlology 
Presentation of Cases — a] Skin and 
Cancer Unit of Post-Graduate Medical 
School, b] Miscellaneous cases Gen- 
eral discussion ^Executive session — 
Appointment of Nominating Committee 

jSI VRCii 7 — Joint Meeting, Neurology and 
Psychiatry and the New York Neuro- 
logical Society Papers of the evening — 
a] Colloid tumor of tlie tliird ventricle 
with a concomitant large sella turcica, 
with necrops} findings, Neustaedter, 
riieodore Meltzer (bv' invitation). Dis- 
cussion bv Joseph H Globus, h] Obser- 
vations on tlie position of the motor 
cortex in man, obtained through elec- 
trical stimulation, John E Scarft, Dis- 
cussion bv Foster Kennedv , c] Frontal 
lobectomies in the treatment of tumors 
in the anterior cranial fossa, Bvron 
Stookev', Discussion bv M H Tcitel- 
baum (bv invitation), Richard Brickner, 
Ira Cohen )| Executive session — Section 
of Neurologv and Psvchiatrv, Appoint- 
ment of Nominating Committee 

March 8 — Historical and Cultural Medicine 
Executive session — a] Reading of the 
minutes, b] Nomination of Section Offi- 
cers and one Member of Advisorv' Com- 
mittee ^ Papers of the ev enmg — a] Med- 
icine and Surgerv — Its studv and prac- 
tice in the United States before 18G0, 
William C Clarke, Cornwall Bridge (bv 
inv itation) , Discussion bv Paul B Shel- 
don, Hugh Auchmcloss, b] Nathan 
Smith and cancer therapv, Ashlev AV 
Oughterson, New Haven (by imita- 
tion) , Discussion bv^ Cornelius P 
Rhoads ^ General Discussion 

March 9 — Pediatrics Svmposium on treat- 
ment of bone injuries in infancv and 


childhood presented bv the staff of tlie 
fracture serv ice of the Presbj-ternn 
Hospital ^Reading of the minutes 
U Papers of the evening— a] Fractures 
of the clavicle, Harrison L JIcLaiiglilin 
(bv invitation) , b] Supracondvlar frac 
tures, Frederick M Smith (bv invita 
tion), c] Reliance on grovvtii correction 
of deformities, Barbara B Stimson, d] 
Epiphyseal miuries, CIiv Rav Miirnv, 
e] First aid treatment, M illiain Darracli 
^General discussion ^Executive ses 
sion — Appointment of Nominating Com 
mittee 

March 15 — Genito-Urinary Surgery Read 
ing of the minutes 5) Case reports— a] 
Chorioepithelioma of bladder, J M 
Szilagvi (bv invitation), b] Solitarv 
kidnev with anuria (three cases), Leo 
Edelman, H E Leiter (bv invitation), 
c] Div erticulum of female urethra, H E 
Leiter (bv inv Ration) , d] Uretero-vesi- 
cal reimplantation of ureter, Abraham 
Hjanan, e] Perirenal insufflation, AViI- 
liam H Mencher, f] X-rav control for 
operative treatment of renal calculi, G 
Oppenheimer, g] A new medium for 
retrograde pvelographv, M Svvick (bv 
invitation) ^ General discussion fExec- 
utiv e session — Vppointment of Nominat- 
ing Committee 

March 15 — Otolaryngology Instead of the 
regular meeting of the Section of Oto- 
laryngology on March 15, at the Acad 
emv, the members of the Section were 
invited to a joint meeting with the Col 
lege of Phvsicians of Philadelphia U Pa- 
pers of the ev enmg — a] Speech hearing. 
Douglas MacFarlan, Discussion bv Ed 
mund P Fowler, b] Sensitization reac- 
tions as observed microscopicallv in the 
liv mg mammal, Elliot R Clark, Eleanor 
Linton Clark, Richard G \bell, Ph D , 
Harrv Schenck Discussion bv Alan in 
F Jones 

March 17— Orthopedic Surgery Reading of 
the minutes ^ Presentation of case— 
Hemiphalangectomv in hallux valgus and 
hallux rigidus, Albert J Schein , Discus- 
sion bv Seth Sehg, Robert Lippmann 
^Papers of the evening— a] Iiibercii- 
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lous arthritis Studj of 100 operated 
cases, B M Bosivorth, Discussion b\ 
Mather Cle\ eland, b] Sbpped femoral 
epiphjsis treated bj ambulator j spica, 
Ma\ S Rabino«itz, Discussion bj Sam- 
uel S Kleinberg, c] Results of amputa- 
tion for tuberculous knee foci, E M 
Mmant, Discussion b\ Arthur Krida 
General discussion ^ E\ecutn e session 
— Appointment of Nominating Commit- 
tee 

March 20 — Ophthalmology Instructional 
Hour — After cataract, Webb Weeks 
Slit Lamp Demonstration, Milton I 
Berliner, M endell L Hughes, Girolamo 
Bonaccolto, Gordon M Bruce ^ Read- 
ing of the minutes (8 30) ^ Presenta- 
tion of cases — a] Aspiration of the an- 
terior chamber for glaucoma and other 
diseases of the e\e, Conrad Berens, b] 
An unusual case of retained intraocular 
foreign bodj, Edgar P Sherman (b\ in- 
Mtation) , c] Bilateral congenital ec- 
topia lentis, Edgar P Sherman (bv m- 
Mtation) , d] Contralateral transillumi- 
nation, Henrv Mmsk\ , e] C\sticercus 
cellulosis in the vitreous, Chde E Mc- 
Dannald )[ Paper of the evening — Fur- 
ther studies of the Canal of Schlemm and 
its anastamoses, Georgiana D\orak- 
Theobald (b^ invitation) ^Executive 
session — Appointment of Nominating 
Committee 

March 21 — Combined Meeting, Medicine and 
Surgery Papers of the evening — Medical 
and surgical aspects of the gastric ulcer 
problem — a] Natural historv and diag- 
nosis of gastric ulcer, T Grier Miller, 
Philadelphia (bv invitation), b] The 
indications for surgical therapv of gas- 
tric ulcer, Fordvce B St John, c] Dis- 
cussion (1) Pathologj of gastric ulcer, 
Nathan C Foot, (2) The -v-rav m the 
control of treatment, R E Pound, (3) 
Medical management, Howard F Shat- 
tiick, (4) Surgical procedures Condict 
M Cutler, Tr , d] Open discussion )i E-v- 
cciitive session — Vppomtment of Nomi- 
nating Committee 

^IvRCH 28 — Obctetnc^ and Gynecology Pres- 
entation of case — Lnusuallv large tumor 
of tlie V iilv i, Toseph Q Ton is (bv mv it 1 - 


tion) ([Papers of the evenmg — a] Sul- 
phanilamide treatment of gonorrhea in 
the female, Emilv D Barringer and 
Staff, Kingston Avenue Hospital, Dis- 
cussion bv E A Horowitz (bv mvita- 
tion), B H Schoolmk (bv invitation), 
b] Intravenous basergm m the third 
stage of labor (Report of 1500 cases), 
Edward J Davm (bj invitation) , Dis- 
cussion bj S J Scadron, c] Analvsis of 
maternal deaths and hospital obstetrical 
statistics m New York Countv , Report 
of the Committee on Maternal M^elfare, 
Max Schneider (bv invitation) , Discus- 
sion bj George W Kosmak, Charles A 
Gordon (bv invitation), John L Rice, 
Vlfred M Heilman f Ev-ecutiv e ses- 
sion — Appointment of Nominating Com- 
mittee 

Aprii. 4 — Dermatology and Si/philology 
Presentation of cases — a] Citv Hospital, 
b] New York Polvcbnic Hospital, c] 
New York Hospital &. Cornell Medical 
College, d] Miscellaneous cases ([ Gen- 
eral discussion ([Executive session — 
Nominations of Section Officers and one 
member of the Advisorv Committee 

\ppH, 7 — Surgery Executive session — a] 
Reading of the minutes, b] Nomination 
of Section Officers and one member of 
the Adv isorv Committee ([ Presentation 
of papers — a] The appendix stump its 
manner of healing both in the open and 
closed methods of treatment, Isidor 
Kross, Discussion bv Percv Klingen- 
stein, b] The importance of earlv diag- 
nosis and treatment in acute appendi- 
citis, Bronson S Rav Discussion bv 
George J Heuer, c] The severer forms 
of acute appendicitis with special refer- 
ence to appendiceal abscess, Ernest E 
\mheim. Discussion bv Eugene H 
Pool, d] Methods of drainage in appen- 
dicitis, F Stafford M earn (bv inv it i- 
tion) , Discussion bv Edward M Peter- 
son ([ General discussion 

\rRii 11 — jXeurology and Psychiatru Papers 
of tlie evening — a] Vertebral fractures 
as a frequent complication in Metrazol 
therapv Phillip Polatim (bv invitition), 
■\Iurrav M Friedman (bv invitation). 
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Mej er M Harris, lUiatn A Horow itz 
(by iriMtation), Nolan D C ley is (b\ 
mutation), Cla\ R Alurrav, b] Psjcho- 
logical factors in migraine, Herman 
Selinsk\ , Discussion b^ Abraham Kar- 
cbner, Harold G AA^ollf, Lewis Ste\en- 
son, Emanuel D Friedman, George 
Hyslop, Bela Mittleman (b^ imita- 
tion) , c] Case of cerebral “Pseudo Ab- 
scess ’ of otogenic origin, Emanuel D 
Friedman Discussion by E Miles 
Atkinson (b\ imitation), Charles Da\- 
ison, Richard AI Brickner, d] Sex 
taboos, sex offenders and the law, Jos- 
eph AA'ortis , Discussion by Donald Shas- 
kan (bv invitation), Ruth Benedict (b\ 
m\itation), Adolf Me^er, Israel Strauss 
^Executne session — Nomination of Sec- 
tion Officers and one member of AdMS- 
or\ Committee 

Aiaii. 13 — Pechatric‘> Reading of tlie min- 
utes ^ Papers of the ening — a] F it il 
lead poisoning in a nursing infant due 
to prolonged use of lead nipple shields, 
Murrai H Bass, Sidne\ Blumenthal 
(b\ inMtation) , Discussion b\ John 
Caffe\, Beniamin Kramer, Charles Hen- 
dee Smith , b] The use of tetanus toxoid 
in prn ate practice, Robert Page Rogers 
Discussion b\ Edith AI Lincoln, Samuel 
Z Levine, Vbraham Tow , c] Pubeiti in 
the male, Physical deielopment and 
endocrinopathies, AA'ilbam A Schoenfeld 
(bi imitation). Discussion ba Robert 
1 Frank, d) Medical care of the non- 
liospital case of contagion, with special 
reference to the care of whooping cough, 
Harn O Zamkin (bi ln^ itation) , Dis- 
cussion b^ Bela Schick ^ Executive ses- 
sion — Nomination of Section Officers 
and one member of the 'Vdiiso \ Com- 
mittee 

Arnii, 17 — Ophthalmology Instructional 
hour — Plastic suigerj, AVendell L 
Hughes Slit lamp demonstration. Mil- 
ton I Berliner, AVendell L Hughes, 
Girolamo Bonaccolto, Gordon AI Bruce 
'lExecutne session — a] Reading of the 
minutes (8 30) , b] Nomination of Sec- 
tion Officers and one member of Vdiis- 
or\ Committee ^ Presentations — a] A 


new implantation sphere made of util 
hum, AATUiam Browai Doherty, b] Pod 
operative report on a case of menmiii 
oma producing unilateral exophthalmos, 
James AA'^ Smith ^ Paper of the e\emni 
The role of states of anxiety in the patii 
ogenesis of primary glaucoma, Mark J 
Schoenberg, Discussion bv Smitli Eh 
Jelliffe, Joshua Rosett, F Fremont- 
Smith 

Vpbii. 18 — Medicine Executive se.-sion — 
Nomination of Section Officers and one 
member of Advisory Committee 
pers of the evening — a] Acute changes 
in the early lesions of pulmomrv tuber 
cnlosis, AVm H Steams, IB Service of 
Bellevue Hospital (bj invitation), Div 
cussion bv J Burns Amberson, b] \ 
practical method of visualizing the 
chambers of the heart and the thoracic 
blood vessels m man, George P Robb, 
Department of Therapeutics, N Y b 
College of Aledicine (bv invitation), 
Israel Steinberg, 3rd Medical Division, 
Bellevue Hospital (bv invitation) , Dis- 
cussion by Arthur C deGraff, c] Coarc- 
tation of the aorta with mvcotic aneii- 
rvsm m a child of ten vears, Gertrude 
H B Nicolson (by inv itation) , Discus- 
sion bv F Elmer Johnson 

April 19 — Genifo-Urinary Surgery Execu- 
tive session — a] Reading of therainutec, 
b] Nomination of Section Officers and 
one member of Adv isorv Committee 
^ Paper of the evening — ^The treatment 
of bladder pain — Mov ing picture demon- 
stration, Carlisle F Schroeder, Detroit, 
Michigan (by invitation) , Discussion liv 
John H Alornssey, Fred McClellan (bv 
invitation), Simon A Beisler ^General 
discussion 

April 19 — Otolaryngology Executive session 
— a] Reading of the minutes, b] Nom- 
inating of Section Officers and one mem 
her of Adv isorv Committee ^ Papers of 
the ev ening — Acute contagious diseases 
— ear, nose and throat complications— 
a] Otitis, Alfred Schattner (bv invita- 
tion), b] Upper respiratorv, Arthur 
Allison, c] Pneumothorax and empln- 
sema — ^lantern slides, Morris E Stern 
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(bj invitation) , d] Lower respiraton , 
Jesse Billion a, e] Poliom) ebtis, Philip 
Stimson, Discussion by Harry Neffson, 
At allace Hamilton, Vera V Dolgopol 

Apbii, 21 — Orthopedic Surgery Executn e 
session — a] Reading of the minutes, b] 
Nommation of Section Officers and one 
member of Ad\ isory Committee ^ Pres- 
entation of case — Cases illustrating first 
paper of the evening, E Arnheim ^ Pa- 
pers of the evenmg — a] A studi of scol- 
iosis following empjema, based on a 
study of all empjema cases admitted to 
the wards of the Mount Simi Hospital 
from 1932 to 1936, mclusive, Seth Selig, 
E Arnheim, Discussion bv Harold Neu- 
hof, b] Motion picture illustrating in- 
ternal rotation brace treatment of earh 
coxa anteverta, Henrj Milch, c] (1) 
Motion picture illustrating results m 
the use of the angle plate, (2) Lantern 
slides of the Hanley table m the treat- 
ment of fractures of the lumbo-dorsal 
and cerMcal spine, George W Hanlei 
(by invitation), Ralph D Padula (bj 
invitation), d] Osteomj elitis — acute and 
chronic (comparison of the end results 
of cases treated postoperatn eh nith 
Dakin’s solution, Orr method or bacteri- 
ophage) , Discussion b\ Robert L Pres- 
ton, Fred H Albee, Mather Cleveland 
General discussion 

Ainii, 25 — Obstetrics and Gynecology Exec- 
utive session — Nomination of Section 
Officers and one member of Advisorv 
Committee Presentation of case — Con- 
genital absence of vagina — operation, 
Milton Bodenheimer ^ Papers of the 
evening — a] Obstetrics in a general hos- 
pital (10,000 cases at the Bronx Hospi- 
tal), J I Kushner (by invitation) , Dis- 
cussion bv Hervey Williamson, b] 
Roentgenologv An aid m obstetric di- 
agnosis and choice of treatment, Julius 
Jarcho, Discussion bv Arthurs Unger, 
William E Caldwell, Alfred "NI Hell- 
man ^ General discussion 

\iRiL 28 — Special meeting of the <iection of 
Dermatology and Syphilology The sec- 
ond special meeting of a svmposimn on 
sv philis vv as held at the Academv There 
was inspection of cases from 7 30 to 


9 00 o’clock, after which, a discussion 
open to aU practitioners follow ed (I Cases 
of the follow mg were presented Cardio- 
V ascular sj’phdis, cerebrospmal sv plidis, 
neurosv philis, visceral svphilis, eve svph- 
ilis 

Max 2 — Dermatology and Syphilology Ex- 
ecutive session — Election of Section 
Officers and member of Advisorv Com- 
mittee For Chairman, Ebas W Abram- 
ow itz, for Secretary, Lewis B Robinson, 
for member of Advisorv Committee, 
Leo Spiegel Presentation of cases — 
a] Beth Israel Hospital, b] Sea View 
Hospital, c] Miscellaneous cases ^Gen- 
eral Discussion 

Mat 2 — Combined Meeting, Xeitrology and 
Psychiatry and the Nezo York Neuro- 
logical Society Papers of the evening— 
a] Treatment of a case of ulcerative 
colitis associated with hvsterical depres- 
sion, George E Daniels (bv invitation). 
Discussion bv Clarence Oberndorf, C V 
Burt (by invitation), b] Developments 
in the psjchoanalvtic conception and 
treatment of the neuroses, Sandor Rado 
(bv invitation). Discussion bv George 
E Daniels (bv invitation), David AI 
Lew (bv invitation), Smith E JeUiffe, 
c] Psvchiatnc studv of some miraculous 
cures at Lourdes, Smilev Blanton (bv 
mvitation) , Discussion bv Abraham A 
Brill, Carl Binger (by invitation). Smith 
E Jelliffe ([ Executiv e session Election 
of Section Officers and member of Ad- 
visorv Committee For Chairman, Lewis 
D Stevenson, for Secretarv, Samuel 
Brock, for member of Advisorv Com- 
mittee, Morris Grossman 

Max 3 — Otolaryngology ((Executive session 
a] Reading of the minutes, b] Election 
of Section Officers and member of Ad- 
visorv Committee For Chairman, Jacob 
L Alavbaum, for Secretarv, PageNorth- 
mgton, for member of Advisorv Com- 
mittee, Francis W AVhite Presenta- 
tion of cases — a] Primarv carcinoma of 
middle ear and mastoid recoverv after 
operation and radiation Postoperative 
results of cndaiiral modified r idical 
mastoidectomv, Clarence H Smith h] 
Alastoiditis masked bv the administra- 
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tion of sulfTnilamule, Samuel Rosen, 

c] Otitic In tlroceplialus, Hair\ Rosen- 
wasser, d] Lateral smus thrombosis — 
unusual course, Louis Hubert ^ Case 
Repoits — a] Squamous cell tarcinonn 
of the nasoplnr\n\ and tlie petrous 
p\ ramid, Joseph G Druss, b] Needle 
in aorta (Lantern Slides), Bilater il 
empiema (Leptothrix), Daiid H Jones 
Papers of tlie eiening — a] Experi- 
mental eiidence of gonadotropic hor- 
mone in nasal and sinus mucous nieni- 
brines, \ A Eggston, b] The naso- 
genital and auro-genital relationships. 
Hector INIortimer, Monti eal (bi in\i- 
tation) 

iMai 5 — SurqeTi) Executi\e session — a] 
Reading of the minutes, b] Election of 
Section Officers and member of AdMSor\ 
Committee Foi Chairman, J William 
Hinton, for Secretar\, Grant P Pen- 
no^er, for member of Advisory Com- 
mittee, Frank L I\Ielene\ ^ Presenta- 
tion of cases — <i] 1 Lobectom\ for 

niultijile chronic lung abscesses 2 Total 
clironic emp^ema, broncho-pleural 
fistiilae, multiple stage Schede thora- 
coplast^, Alexander E W Ada, Dis- 
cussion b} John V Bohrer, b] Two 
cases illustrating pneumonotomj foi 
juitrid abscess of the lung, Harold 
Xeuhof, Discussion bv Arthur S W 
lourofl (I Papers of the e\ening — 
<i] Surgical therape in pulmonai} tubei- 
ciilosis, Louis R Davidson, Discussion 
In Howard Lilienthal, b] Non-tuber- 
culous pulmonary suppuration, Cai 1 
Eggers, Discussion b> Girard Obei- 
render, c] Closure of the large empe- 
ema cai ities, Frank B Berry, Discus- 
sion b\ Richmond Moore (by mutation) 
)[ General discussion 

Ma\ 10 — Hi'^toncal and Cultural Medicine 
Execiitn e session — a] Reading of the 
minutes, b] Election of Section Officers 
ind member of Ad\isorv Committee 
For Chairman, Louis Casamajor, for 
Secretan, Ramsai Spillman, for mem- 
ber of \dvisor\ Committee, Howard 
Reid Craig Papers of the eiening — 
a] Medicine m LTopia, Herbert Sihette, 


UnnersiH of Viiginia (b\ imitation), 
Discussion bj Ramsay Spillman, b] Ihe 
curious career of Typhoid Man, Georec 
Albert Soper (bj imitation). Discus 
Sion bi F M arner Bishop GenenI 
discussion 

M\\ 11 — Pediatrics Case demonstritions 

Executne session — Election of Section 
Officers and member of Achison Com 
mittee For Chairman, Rustin Mclntosli, 
for Secretary, Leslie 0 Ashton, for 
member of Ad\isor\ Committee, Philip 
M Stimson Presentation of single 
case reports — a] Willard Parker Ho-, 
pital. Pertussis and piloric stenosis 
(unoperative), Frank S Cross (h\ in 
Mtation) , b] Babies Hospital, Progres 
sue mj'ositis ossificans, Donoinn I 
McCune (bv imitation), c] St Luke’s 
Hospital, A case of influenza meningitis 
with reemery, Frederick H Wilke, 

d] Lenox Hill Hospital, A case of pre 
cocious sexual deielopment in a male 
child, aged three and a half sears, 
Frederick Castrosinci (bv imitation, 

e] New York Post-Graduate Hospital, 
Vaccinia with interesting features, Irs 
ing Posner (by m\ Ration), f] Jletro 
politan Hospital, Pneumococcus nienin 
gitis treated with sulfapj ridine, Ining 
Weinstock (by imitation), g] Rooseiclt 
Hospital, Case of non-pneuniococcal 
pneumonia simulating tiplioid feier, 
Tohn Landon, h] Polj clinic Hospital, 
Rupture of the stomach in the new horn, 
Abraham Tow , i] The Jloiint Sinai 
Hospital, Addison’s disease in a ho\ 
of twehe, George J Ginandes (In imi- 
tation) , j] New Yoik Hospitil, Puru- 
lent arthritis in an infant, John Wash- 
ington (bv mutation) 

M\a 15—Oj>hthalmologii Instructional Hour 
— Allergic manifestations of the e\c 
W C Spam )[Slit lamp demonstra- 
tion — hlilton L Berliner, Wendell L 
Hughes, Girolamo Bonaccolto, Gordon 
M Bruce )[ Executne session— a] Read- 
ing of the minutes (8 30) , b] Election 
of Section Officers and member of kd 

%isor\ Committee For Chairman, Dn id 
H AVebster, for Secretan, Robert K 
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invitation) 

AIw IG — Vednine E\uuti\ e si ssiou 1 lu 
tion of Section Ofliccit and nnnibu (>l 
Aclcitorc Coinnnttcc I'Oi CbuUniiin, 
Simuel At Lambert li , toi 'suutan, 
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thermia, Louis Lichtenstein, Hospital 
for J oint Diseases (20 minutes) , b] 
Hemostatic mechanisms as a cause of 
Msceral lesions, Abraham Fenner, Alice 
Bernheim, Mount Sinai Hospital (30 
minutes) Executive session 

March 20 — New York Roentgen Society (in 
affiliation with The New York Academy 
of Medicine) Papers of the evening — 
a] The treatment of ovarian carcinoma, 
William Hams, Robert I Walter (bj 
invitation), Arnold L Bachman (by m- 
vitation) , b] Post-irradiation changes 
in the lung, a clinical, roentgenological 
and pathological study, with emphasis 
on the late and terminal stages, Jacob 
R Freid, Henr}' Goldberg (bv imita- 
tion) ^Discussion bv Howard C Taj- 
lor, Jr (by invitation), Harriet C Mc- 
Intosh ^Executive session 

M\ncH 23 — New York Pathological Society 
(m affiliation with The New York Acad- 
emy of Medicine) ^ Case reports — a] 
Multiple plasmoma of the small and large 
intestine, Chester R Broun (by imita- 
tion) and Amour F Liber (by imita- 
tion), Lincoln Hospital, b] Post-traum- 
atic (but not post-fractural) rarefaction 
of long bones, Henry L Jaffe, Hospital 
for Joint Diseases ^Papers of the eve- 
ning — a] Spontaneous tumors of rabbits 
and their transplantation in the same 
and in alien species, Harry S N Greene 
(by mutation), Rockefeller Institute for 
Medical Research, Princeton, New Jer- 
sev, b] Sarcomas of the trachea, Tobias 
Weinberg, Mount Sinai Hospital Ex- 
ecute e session 

Apbii. 17 — New York Roentgen Society (in 
affiliation with The New York Academy 
of Medicine) Papers of the evening — a] 
The roentgen diagnosis of mjocardial 
infarction, (1) Theroentgenkjinographic 
findings, Marcy L Sussman, (2) Cor 
relation of the clinical course and elec- 
trocardiographic findings with the roent- 
genki mographic findings, Simon Dack 
(bv inMtation) , (3) The fluoroscopic 
diagnosis, Arthur M Master (by invita- 
tion) , Discussion opened bv Bernard S 
Oppenheimer (by invitatior) , b] X-rav 
Msualization of soft structures of preg- 


nancj, ilham Snow, Discussion opened 
b\ Ross Golden ^Executne session 

April 27 — New York Pathological Societi/ 
(in affiliation with The New York Acad- 
emy of Medicine) Program arranged 
bv the Neu York Post-Graduate Hospi 
tal Case reports — a] Xeroderma pig- 
mentosum, DSD Jessup, b] Acquired 
right-sided parasternal diaphragmatic 
hernia, R A Colmers (bj imitation), 
c] Pulmonarj atresia and “tetralogi of 
Fallot”, L H Meeker ^ Papers of the 
ei ening — a] Prolonged Inperpvrexn v ith 
necropsj, W J MacNeal, H H Ritter 
(b} imitation), S M Rabson, b] Ex- 
perimental endocarditis due to infection 
uith streptococcus viridans, "'Vasseen 
(b\ imitation), M J Spence (bv imit- 
ation), W J MacNeal ^Execiitne ses- 
sion 

May 15 — New York Roentgen Society (in 
affiliation with The New York Academy 
of Medicine) Papers of the evening— 

a] Phj sical factors of low voltage short 
distance Roentgen ray therapy (contact 
therapy), Carl B Braestrup (bv muta- 
tion), Ining H Blatz (bj imitation), 

b] Recent experiences uith lou \oltige 
short distance Roentgen therapy (con- 
tact therapy), William Harris Gen- 
eral discussion opened by L D Mari- 
neUi (by invitation) , George T Pack 
^ Executn e session — a] Election of 
officers, b] General business 

May 25 — New York Pathological Society 
(in affiliation with The New York 
Academy of Medicine) Case reports — 
a] A case of true hermaphrodism, Mil 
ton Helpern, Medical Examiner’s Office 
(10 min ) , b] Rhabdomyoma of the 
uterus, N C Foot, New York Hospital 
(10 mm) ^Papers of the eienmg— 
a] Perineurial fibroblastoma, rather 
than Schwannoma A histological studs, 
I M Parlov, Jewish Hospital of Brook- 
IjTi (30 min ) , b] Absorption and utili- 
zation of Vitamin K Studies m experi- 
mental animals and in man, Robert A 
Moore, Wdliam DeW Andrus, Jere 
Lord, Isabel Bittinger, Cornell Unner- 
sitv Jlechcal College (30 mm ) II Exccu- 
tiae session 
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Alofsin, Lotns Mark 4t8 AVest 34 Street, 
New York Citj , horn in Russn, October 
22, 1883, died m New York Cit-5, Ma\ 31, 
1939, gridinted in medicine from the Long 
Island College Hospital in 1907, elected a 
Fellow of the Academa No\ ember 6, 1930 

Dr Alofsin was a Fellow of the American 
lledical Association, a member of the Aliimni 
of the French Hospital and a member of the 
Coiint\ and State Medical Societies 

r^LiKKER, Ebexezer Ross 101 East 58 
Street, New A ork Citl , horn in Glenholme, 
N'o\a Scotia, Januarj 28, 1876, died in New 
Lork Citj, Mav 25, 1939, receued tlie degree 
of Bachelor of A.rts from Dalhousie Lnner- 
sit\, Halifa\, Canada in 1897 and graduated 
in medicine from that Universita in 1901 
elected a Fellow of the Academe, No\ em- 
ber 3, 1910 

Dr Faulkner had been surgical director of 
the Manhattan E\e, Ear and Throat Hos- 
pital and consultant to the French Hospital, 
1 onkers General Hospital, and St Joseph’s 
Hospital of Far Rockawav For several 
^ears lie was professor of lar\ngolog} and 
rhinolog^ at the Polv clinic Hospital 

Dr Faulkner was a Fellow of the Roaal 
College of Surgeons of England, a Fellow of 
the American Medical Association, a diplo- 
mite of the American Board of OtoIar\n- 
gologv and a member of the American Acad- 
em\ of Ophthalmolog\ and Otolar\ ngologa, 
the New A ork Otolars-ngological Societ\, 
the American Lar\ngological Association, the 
American Larangological, Rhinological and 
Otological Association, and the Counts and 
St ite Medical Societies 

Lsmiiert, AiEXANDEn 43 East 72 Street, 
New York Citv, born in New York Cits, 
December 15, 1861, died in Ness York Cits, 
'^las 9, 1939, received the degrees of AB 
in 1884 and Ph B in 1885 from Yale L'niser- 
sits graduated in medicine from the College 
of Phssicians and Surgeons, New A ork, in 


1888, elected a Fellosv of the Academs Mav 
2, 1893 

Dr Lambert svas professor of clinical med- 
icine at Cornell Unisersity Medical College, 
1898-1931, attending phssician to Bellesoie 
Hospital, 1894-1933, and assistant bacteriol- 
ogist to Ness York Citv Department of 
Health, 1894-1901 It ssas largelv on Dr 
Lambert’s initiatise that the Doctors Hospi- 
tal ssas founded and he was president of the 
medical board of that institution aT the time 
of his death 

Dr Lambert was a diplomate of the 
American Board of Internal Medicine, a 
Fellow of the American Medical Association 
and its president in 1919, a member of the 
Association of American Phssicians, and a 
member and former president of the Stite 
Medical Societj 

Dr Lambert was a Colonel in the Medical 
Vuxilidr} Corps of the U S Arms, basing 
sersed in France from 1917 until the end of 
the War While in France he headed the 
Medical Division of the American Red Cross 

In the biography of General Gorges bv 
Mane D Gorges and Burton J Hendrick, 
Dr Lambert is credited with saving the 
ofScial head of Dr William C Gorges as 
director of the sanitars work during the 
building of the Panama Canal 

Sterekbopd, William bom in Germershein, 
Basaria, Germanj, September 29, 1831, died 
in Ness A ork Cits, Alas 23, 1939, graduated 
in medicine from Ness York Unisersits 
Medical College in 1879, elected a Felloss 
of the Academs March 3, 1887 Dr Stuhen- 
hord ssas a member of the Counts and State 
Aledical Societies 

M sri), George Harold 240 Engle Street, 
Fnglewood, New Jerses, born in Napanee, 
Canada, August 16, 1879, died in Blairstosvn, 
Ness lerses, Alas 30, 1939, graduated in 
medicine from Queen’s Lmsersits, Kingston, 
Ontario, Canada in 1903, elected a Felloss 
of tlic Academs Nos ember 3, 1910 

Dr AA ard ssas chief of the ese, ear, nose 
and throat disision of the Englesvood, Hols 
Name and Teaneck Hospitals and consult- 
ant to the Nsack and Rockland Countv 
Hospitals He ssas a member of the State 
and Counts Aledical Societies 
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THE ROBERT LIVINGSTON SEAMAN FUND 

The New York Academy of Medicine announces the establishment 
of “The Robert Livingston Seaman Fund for the furtherance of research 
in bacteriology and sanitary science,” with six hundred dollars available 
for assignment m 1939 This fund has been made possible by the terms 
of the \t^ill of the late Dr Robert Livingston Seaman and v ill be admin- 
istered by a committee of the Academy of Medicine under the follov ing 
conditions and regulations 

1 The committee will receive applications from either institutions 
or individuals during the summer and up to September 15, 1939 
Communications should be addressed to Dr Vhlson G Smillie, 
Chairman, 2 East 103 Street, New York Cirv’’ 

2 The fund u^iil be expended only in grants in aid for im estigation 
or scholarships for research in bacteriology 01 sanitary science 
The expenditures may be made for 

A Securing of technical help 

B Aid in publishing original v ork 

C The purchase of necessary books or apparatus 


SECOND SERIES AUGUST 1 939 ^OL 15, NO 8 

BULLETIN OF THE NEW YORK 
ACADEMY OF MEDICINE 



Observations on the Pathology of Rickets with Particu- 
lar Reference to the Changes at the Cartilage-shaft 
Junctions of the Growing Bones 
Edwards A Park 

The Therapeutic Use of Vitamin C 
Gilbert Dalldorf 

The Use of Tetanus Toxoid in Private Practice 
Robert Page Rogers 


495 


544 


333 


The Influence of Emotional Factors upon Physiological 
and Pathological Processes 560 

Fi ank Frewont-Simth 

The Role of The New York Academy of Medicine 
in the Development of The American iMuseum of 
Health 570 

Geojge Baebr 


Library Notes 
Deaths of Fellows 


Twelfth Graduate Fortnight 


573 

576 


576 



Published vwnthly by The Neia York Academv of Medicine 
2 East 103 Street, New York 

Entered as second class matter Febnian ^ 102S at the Po ♦ Omce at "New \ork N \ 
unde the Act ot \ut,u t 24 1912 Subscription $3 00 fer >ear Sintj^e copies SO cen s 



OFFICERS AND STAFF OF THE ACADEMY 

1939 


President 

Malcol'm Goodiiidge 


Vice-Pretulents 
Arthuh F Ch \ce 
BE^J\'\II^ P Watsov 
Rufus I Coo 


Treasurer 
Bern A nn S\chs 
Isiistant Treasurer 
Rodlriciv ^ Grace 


Recording Secretary 

Lewis F Frissell 


Gforce Baeiir 
Care G Burdicic 
*Lew is F Frissell 
*Malcol'm Goodriiice 


Trustees 


John A Hartwell 
A\ iLLiAH S Ladd 
Tawfs Alp'S. v>,der Miller 
AV SLIER L Niles 
AValter AA'' Pslmer 


Eugene H Pool 
’Bfrxard Sachs 
Frederic E Sondern 
Cii SRLFS F Ievhes 


The President 

Ihe Treasurer 


Council 

The A'^ice-Presidents Hie Irustccs 

Tlie Recording Secretnrs 


The Ciiairmen of Standing Committees 


Director 

Herbert B AA'^ilcok 


Librarian 

Arciiib sld M slloch 

Executive Secretary Executive Secretary 

Public Health Relations Committee Committee on Medical Education 
E H L CoRwiK Mahlox Ashford 

Executize Secretary, Committee on Medical Information 

Iaco Galdston 


Library Consultants 

Laurs E Siiitii B AA’^ AA'^einberger Arnold C Klirs 

Legal Counsel 
Fraxh L Polk, Esq 


EDITORIAL BOARD 

Jfrome P AA'ebstlr, Chairman Alirld E Cohn 

Eugene F DuBois Arciiirsld AI slloch 

Robert F Loeb Karl Vocel 

J^Iahlon Ashford, Editor 


Ex'OfBcio 



BULLETIN OF 
THE NEW YORK ACADEMY 
OF MEDICINE 



AUGUST 1939 


OBSERVATIONS ON THE PATHOLOGY OF 
RICKETS WITH PARTICULAR REFERENCE 
TO THE CHANGES AT THE CARTILAGE- 
SHAFT JUNCTIONS OF THE 
GROWING BONES 
Harvey Lectuie, Febimiy 16, 1939 

Edwards A Park 
Historical 

THOUGH rickets was first clearly recognized and described 
by Glisson^ in 1650, knowledge concerning the disease 
remained almost stationary for more than 200 years It 
was the monumental contribution to the pathology of 
rickets by Pommer" in 1885 which broke the spell It 
laid the foundations of present knowledge concerning the pathological 
changes and gave correct interpretations of the main features with the 
exception of the cause of the accumulation of the proliferative cartilage 
Since the appearance of Pommer’s work, the most important contribu- 
tion has been that of SchmorP (1909), although his sertice xtas to 
supply sound judgments and points of view rather than new obsena- 
tions or conceptions A distinct advance followed the experimental 
production of rickets in animals by Sherman and Pappenheimer^ (1921) 
and McCollum, Simmonds, Shipley and ParU (1921) The splendid 
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recent studies by Dodds and Cameron, “ which have yielded greatly 
needed precise information, were performed on the rat Discoveries m 
other fields have had influence in the interpretation of the pathological 
changes We refer in particular to the work of Iversen and Lenstrup" 
(1920), and Howland and Kramer® (1921), which disclosed the charac- 
teristic deficit in the inorganic phosphorus of the blood and to the work 
of Holt, LaMer and Chown,® Shear and Kramer,^® Logan and Taylor^^ 
and others, on the nature of the deposition of mmeral matter in bone 
and the principles involved The discovery that rickets is a deficiency 
disease depending on a lack of vitamin D (Alellanby,^® McCollum, Sim- 
monds, Becker and Shipley^®) is the most fundamental of all, but it has 
not contributed directly to the elucidation of the pathology 

The Fundamental Chemical Disturbance 

The pathological changes depend on and hence follow a change in 
the chemical structure of the blood Most commonly the inorganic 
phosphorus has fallen to a subnormal concentration, less often the cal- 
cium, occasionally both The result is a depression in the Solubility 
Product (S P ) which governs the precipitation of calcium phosphate 
from the blood (lymph) into the cartilage and bone * When the S P 
falls below a certain critical value, lime salt deposition in bone and 
cartilage becomes irregular and, if the value is low enough, deposition 
stops altogether The failure in lime salt deposition is responsible for the 
weakness of the bones This, in turn, results in the development of the 
well known deformities of the disease and at the same time is the cause 
of almost, if not all, the histological changes The first demonstrable 
pathological change in rickets is the failure of lime salt deposition in the 
proliferative cartilage of the epiphysis and in newly forming bone 


The Changes in Bone** 

If the rachitic process is of sufficient severity, bone is formed with- 
out hme salts Bone free from lime salts is known as osteoid, 1 e , osteoid 
IS the orgamc part of bone without the inorganic Since in endochondral 


* We speak of the S P as a s>mbol, standing for the general chemical conditions in the Hood ^ ^ ■ 

which determine the deposition of calcium phosphate We are aware not otuy that 
expression is uncertain but also that its postulation is not entirely justifiable at the present ii 

** In all descriptions the bone is conceived of as standing on end with the eprphjsis upwards Hema 
toxjlin and eosin stains are referred to throughout 
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Fig 1 — Photomicrograph (high power view) from a microscopic sec- 
tion, taken from upper end of tibia of the rat 

The bone marrow lies between the trabeculae The black areas m the 
trabeculae represent the cores of the original framework of calcified 
matrix substance of tlie cartilage on which the osteoblasts settled and 
formed bone The gray represent the lime salt containing part of the 
trabeculae formed before the rickets began, the white borders, the 
osteoid formed under the influence of the rickets 


ossificaaon new bone forms always on a nucleus or core of old bone or 
of matrix framework of the cartilage, osteoid always makes its appear- 
ance as a surface covering of the trabeculae or matrix framework 
(Fig i) It stains differently from bone that contains lime salts and m 
that way can be differentiated from the latter In histological sections, 
which of course represent single planes, the osteoid coatmgs always ap- 
pear as borders (staimng pmk with eosm) to the hme salt contaming 
trabeculae (stairung bluish gray with hematoxyhn) or to the matrix 
substance of the cartilage (which, if calcified, stams a deep blue) 

Osteoid IS not peculiar to rickets, it develops m the course of normal 
grouth, for, when new bone forms in the healthy individual, it is en- 
tu-ely devoid of hme salts The hme salts deposit m it later Thus, under 
normal conditions, one finds trabeculae with borders of osteoid In the 
most rapidly growing bones, those of young prematurely bom infants. 
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osteoid borders are numerous and of considerable breadth In contrast, 
in infants suffering from wasung diseases which interfere iMth osteo- 
blastic activity, as they very probably do with cellular activity' in general, 
osteoid borders may not be found at all, or, if found, are vety thin 
In the older child in whom growth has waned and m the adult in whom 
growth takes place only to the evtent necessary to counterbalance 
destruction, osteoid is entirely lacking or at best poorly developed 
There is, therefore, a wide variation in the amount and thickness of 
osteoid coverings under normal conditions, explicable on the basis of 
variations in the rate of bone growth 

The difference in the osteoid in rickets and the normal state is en- 
tirely one of degree In rickets the osteoid borders are both wider and 
more generally distributed than normal The histologist, searching for 
rickets, scans the shaft, to see if osteoid is in excess If the osteoid borders 
appear abnormally broad and abundant, he feels confident that the 
disease exists 

SchmorF regarded excessive amounts of osteoid m the shaft essential 
for the diagnosis of rickets and considered it the earliest as well as the 
most reliable sign of the disease We are certain, however, that an 
excess of osteoid is not an invariable characteristic, for we have repeat- 
edly found instances m which it was absent in infants having scuny, 
tuberculosis or other wasting diseases, although indubitable evidences 
of rickets v ere present at the cartilage-shaft juncuons Proliferation of 
the cells in the cartilage is responsible for growth of the bone in length, 
osteoblastic activity in the shaft is responsible for growth of the trabe- 
culae and cortex in thickness The nvo processes are, to an extent at 
least, independent When osteoblastic activity stops, while growth 
activity in the cartilage continues, the formation of osteoid borders in 
the cancellous tissue of the shaft and in the cortex ceases altogether, 
but the abnormal developments m the cartilage continue It is ivrong, 
therefore, to conclude that the presence of osteoid in the shaft is abso- 
lutely necessary for the diagnosis of rickets, although we admit a certain 
sense of insecurity if it is not present Someames, in states of malnutri- 
tion, when osteoid is almost entirely absent, one can find here and there 
bits of it having such thickness as to fix the presence of rickets Some- 
tmies, the osteoid borders are not broader than normal but are so 
numerous as to establish the rachmc state SchmorP pointed out that 
osteoid is especially developed in those parts of the skeleton ivhich are 
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particularly subject to mechanical strain and hence to rapid growth In 
general, however, the distribution of osteoid is fairly even At the upper 
end of the ulna, for example, where cartilaginous growth is so slow that 
rickets may not show itself at all at the cartilage-shaft juncaon, the 
osteoid borders in the cancellous assue of the shaft will be found as 
w^ell developed as at the ends of the fast growing ribs Oftentimes, 
osteoid IS found in the cortex, w^hen it is practically absent m the can- 
cellous tissue One must be careful, however, m makmg the diagnosis 
of rickets from the presence of osteoid in the cortex alone, because m 
rapidly growmg bones, in particular those of prematurely born infants, 
the osteoid borders are apt to be wide m that location In some cases of 
rickets w^e have found the widest osteoid borders in the trabeculae close 
under the cartilage, in others at a distance in the shaft In osteomalacia 
(the rickets of the adult) the only characteristic sign of the disease is 
the presence of abnormal amounts of osteoid in the shaft and in rickets 
in the older child its presence may be the sole evidence of the disease, 
since growth of the cartilage is occurring too slowly for rickets to show’^ 
at the cartilage-shaft junction At the ends of the long bones where 
cartilagmous growth is very slow even in very young infants, the 
disease must be recognized by the presence of excess osteoid 

In summary we can say that the presence of osteoid in excess is a 
cardmal sign of rickets and is pathognomonic of the disease It is the 
only sign of the disease in osteomalacia and may be the sole sign in the 
older child In the prematurely born infant it is often difficult to be 
certain that an excessive development of osteoid may not be the result 
of unusual growth activity The absence of osteoid does not mean that 
rickets cannot be present 

Does halistei esis occiii in rickets^ The question has been much de- 
bated whether hahsteresis [salt] and u-ep-qrrK [deprivation]— the 
withdrawal of lime salts from the organic matrix— occurs in rickets It 
IS of paramount importance to the histologist to know" whether to regard 
osteoid borders as invariably mdicauve of formation without lime salts 
or whether they may represent old bone out of w"hich the hme salts 
have been dissolved Such distinguished students of rickets as von 
Recklinghausen^ and M B Schmidt^® ha\"e held that halisteresis oc- 
curred in rickets and osteomalacia, whereas others, notably Pommer^ 
and Schmorl,^ have denied the possibility The more we have studied 
rachitic bone, the more w"e have been convinced that hahsteresis does 
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not take place Apparently Nature’s method of obtammg calcium from 
bone IS not to dissolve it, leaving the organic matrLV behind, but to break 
down the organic matrix at the same time that the mineral content is 
released Chemists annoy histologists when they speak of decalcification 
of bone, as if bone were not a livmg tissue but ^vere composed entirelv 
of inorganic material subject to the laws of the test tube Even if lime 
salts are dissolved by some chemical agent, perhaps an acid elaborated 
by the bone cells, it is necessary to thmk of the orgamc matrix, in which 
the lime salts are imbedded, as being dissolved or disintegrated at the 
same time SchmorP made the obsen>'ation that m areas m which destruc- 
tion of bone was taking place the leukocytes contained granules of 
calcified matter 

The dtst) ibiitwn of osteoid and its piobable significance Osteoid is 
not spread evenly over the surfaces of the trabeculae like the chocolate 
coating of a candy, except possibly over hmited areas m some places 
in the cortex On the contrary it appears on the surfaces of the trabe- 
culae only here and there A remarkable feature about osteoid forma- 
tion in rickets is the complete irregularit)’' of its distribuaon Often 
osteoid borders are present on both sides of a trabecula As com- 
monly, an osteoid border is found on one side, perhaps of a very thin 
trabecula, and an area of destruction on the other side, or areas of osteoid 
formation and of destruction he side by side (Fig 2) The only possible 
explanation of the close mtermingling of new bone formation (so easil)'^ 
recognized in rickets because the newly formed bone is osteoid) and old 
bone destruction is that mechamcal conditions are the determinmg fac- 
tors The common occurrence of osteoid on one side of a trabecula and 
a destructive process on the opposite side is exactly what would be ex- 
pected, if pressure stimulated new bone formation and tension exerted 
no mfluence at all or perhaps was actually destrucuve The occurrence 
of osteoid and areas of bone destruction side by side might also be antici- 
pated, on that hypothesis, if the sinuosity of the trabeculae is taken into 
consideration The theory that pressure causes new bone formation and 
tension is A^nthout effect has already been advanced by Jansen 

Is bone destmction mci eased ^ The reason that the bones become 
so weak in rickets is that old bone, 1 e , the old lime salt containing 
bone antedating the advent of rickets, undergoes surface disintegration 
while the new bone formed, being osteoid, does not possess strength on 
account of its lack of lime salts The reason that rachitic bone appears 
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Fig 2 — Photomicrograph (liigh power Mei\) from a microscopic sec- 
tion, tiken from rib of J (N'o 948) aged four months 
In the center is a trabecula On the left hand side of it an osteoid 
border becomes thinner, as it descends, and finallj stops altogether 
Just below where it stops is an area of destruction Thus on the left 
side one finds abrupt transition from formation to destruction On 
the opposite (right) side the reverse condition is present, nameh, 
bone destruction aboce, osteoid formation below The illustration is 
presented, in order to sliow how closelv new bone formation, which can 
he traced so beautifulh in rickets, and old hone destruction are in- 
termingled 


SO rarefied m the x-ray film is because the old hme salt contammg bone 
IS reduced whereas the newly formed bone casts httle shadow 

The quesaon has been debated whether in rickets destruction of 
old hme salt contammg bone is mcreased The histologist is not the one 
capable of givmg final judgment All that he is able to contribute is the 
impression that the areas of resorption, as seen under the microscope, 
are or are not more numerous than he would expect under normal 
conditions The measurement of the density of rachiac bones by means 
of the x-ray indicates that the destrucuon of lime salt contammg bone 
must have been extreme but does not exclude prolonged action of 
normal forces In metabolism studies m rickets, however, the balance of 
calcium is rarely negative From this fact one can infer that the destruc- 
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tion of old bone can only rarely be of extreme degree In h)^erparathy- 
roidism, in which we know that bone destruction is greatly increased, 
the calcium balance is regularly negative (Bauer, Albright and Aub^') 
and the urmary excretion of calcium is increased In rickets the urinary 
excretion is unaffected or becomes diminished (Orr, Holt, A'^hlkins and 
Boone^®) The loss is from the bowel, due almost entirely to failure in 
absorption (Telfer^'* and Nicolaysen-®) Hamilton and Highman"^ have 
shown that in the rabbit in which rickets has been produced by a low 
phosphorus diet the actual quantity of calcium contained m a given 
bone becomes reduced, in spite of continued growth m length We can 
conclude that usually in human rickets destruction of bone cannot be 
greatly increased but undoubtedly may be increased in the seierest 
developments of the disease However, such factors as the inactivit}’’ 
resulting from v^eakness or general malnutrition may take part in the 
process 

Changes at the Cartilage-Shaft Junction 

Before we take up the changes at the cartilage-shaft ymction we 
must make clear that rickets occurs m all degrees of severity It may be 
so mild as to be scarcely distinguishable by any means or so severe as to 
threaten the integrity of the skeleton Chrome rickets with lime salt 
depositions occurring sporadically is very common, it may last for 
years A description of the lesions at the cartilage-shaft junctions in 
severe forms of the disease would not fit the mild or the chronic, 
although the underlymg disturbance remains the same in all AVe must 
also brmg out the fact that rickets affects the growing ends of bones in 
different degrees accordmg to the rate of growth of the cartilage For 
example, the slow grooving upper end of the ulna will show htde evi- 
dence of the disease at a time when the rapidly growing anterior end of 
the eighth rib shotvs most pronounced effects A description of the 
former would not apply to the latter, although the pnnciples m opera- 
tion are the same 

The eailiest manifestations The first signal of rickets at the cartilage- 
shaft junction IS failure m the usual lime salt deposition m the layer of 
cartilage close to the shaft Defective calcification at the cartilage-shaft 
border and osteoid formation m the shaft develop together They are 
the first and the essential mamfestaaons in the skeleton As the result 
of the loss of the normal support furnished by the lime salts the tissues 
bordering on the cartilage-shaft junction give way and are pressed 
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together Compression is not, however, a constant manifestation either 
in all individuals or in all bones The circulation at the carolasre-shaft 
border becomes disarranged, the orderly mvasion stops The prolifera- 
tive cartilage begins to increase in amount Its swelling can sometimes 
be actually demonstrated Presently a disorderly mv^asion commences 
It may, then, be observed that in certain places along the cartilage-shaft 
border, -vhere the cartilage is touched by the blood vessels cunous 
changes develop in it 

Considering the matter from the practical viewpoint, the pathologist 
searches to see if there are small gaps in calcificaaon, and if m places 
the deposition is of an abnormally hght or fragmentary character, or if 
It extends less than the wonted distance into the substance of the 
cartilage, also, if the capillaries are abreast of its furthest outposts or if 
some have even begun to enter the uncalcified cartilage beyond He 
inspects the advance fringe of calcified matrix framework to learn if 
the spicules are bent or broken, and examines the cartilage cells closest 
to the shaft for evidences of compression or displacement He tries to 
estimate if the fully developed cartilage ceUs are in excess Fmally he 
looks at the cortex and cancellous bone with the greatest care, m order to 
form an opinion whether the osteoid is m excess of normal 

AA'olbach^- states “The first histological evidence of rickets is the 
absence in m hole or in part of the layer of clear cells and the consequent 
absence of ingrowth of capiDaries ” SchmorP regards connective tissue 
formations immediately under the cartilage as one of the earliest signs 

We shall now describe the changes which mark the beginning of 
rickets, as we see them, and shall trace their development, trjnng to 
explain why they occur, even though essential facts are lackmg 

The distin bance m calcification By kilhng young rats in succession 
It IS possible to trace the disturbance in calcification at the cartilage- 
shaft junction Within twenty-four hours after the substitution of the 
Steenbock-Black nckets-producmg diet (Steenbock and Black=^) it is 
manifest, for the fringe of the framewmrk of calcified matrix extending 
into the cartilage berv\ een the cells has already gn en w ay According 
to Dodds and Cameron® deposition first fails m the thinner parts of the 
matrrx framew ork of the cartilage In the more massive parts it continues 
but occurs most constantly at the intersections It gradually dimimshes 
and at the end of o or three w ecks ceases altogether The defects in 
calcification are \ er^* small at first 
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The disturbance in lime salt deposition at the cartilage-shaft juncuon 
m the infant develops in a similar manner In the fast growing ribs of the 
young infant one finds that here and there the spicules of calcified matrix 
framework are thin and in spots two to four or more cartilage cells in 
diameter, the lime salts have failed to precipitate altogether or have fallen 
in thin, fragmentar)?- fashion Under normal conditions, lime salts do not 
deposit in the thin matrix partitions separating the cartilage cell columns 
of the bundles from each other but they do deposit in the more massive 
mam parutions which he between individual columns and bundles of 
columns It is common to find that calcification of a mam partition may 
be lacking here and there or that it has occurred only along the border 
of the partition where the latter touches the cartilage cells, or that the 
deposition is represented only by fragments, m histological preparations, 
at least, appearmg to be completely disconnected from the rest of the 
network The calcification may extend only a short distance into the pro- 
liferative cartilage When one finds this, he is at a loss to know whether 
It had never extended the normal distance, or whether it had stopped 
advancing and the marrow vessels had caught up with it The spots of 
defective calcification are only a few cells wide and are irregularly scat- 
tered exactly as m the rat 

In bones which are growing slowly no defects m lime salt deposition 
may be apparent for some little time after rickets shows itself plainly 
elsewhere They develop gradually They may be small, when first no- 
ticed, but are often fairly large Underneath them it is common to ob- 
serve distended blood vessels 

If the rickets continues and invasion of the cartilage occurs, the blood 
vessels keep carrying away the lime salt deposits and the defects become 
wider 

It IS not possible to discover by histological methods any change in 
the cartilage which fails to calcify in order to account for the failure 
We shall return to the subject of calcification further on 

Covipi esston As m the case of calcification, development of com- 
pression at the cartilage-shaft junction can be readily followed m the rat 
but not m the human bemg At the upper end of the tibia of the rat it 
IS already well developed at the end of nventy-four hours on the Steen- 
bock-Black rickets-producing diet The compression involves the lower- 
most cells of the proliferative cartilage and the mterdigitating fringe of 
calcified matrix framework Both the capsules which are as yet unopened 
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by capillaries and those which have just been opened are affected The 
collapse of the cell capsules may be partial or complete If the collapse 
is incomplete, the spicules of calcified matrix substance are bent or 
buckled or may be fractured and the cell capsules are pressed into a 
variety of shapes If the collapse is complete, the unaffected blue stain- 
ing proliferauve cartilage rests agamst the end of the shaft with the 
layer of collapsed tissues betv een In the severest degrees of compression 
the intracellular spaces are obhterated and the spicules are flattened out, 
so that they he horizontally They may be impacted mto or dmen 
agamst the soft cartilage The compression zone is rarely contmuous 
across the cartilage-shaft junction and in the case of the upper end of 
the tibia, which is the bone we have studied, the penpheral parts 
remain free Indeed, in that bone at the antenor end of the cartilage- 
shaft junction cartilage and shaft often are tom apart Commonly 
the compression occurs in spots altematmg with uncompressed areas 
As the rickets progresses, collapse contmues The tissues which are 
freshly formed under the rachiac mfluence keep givmg ssay, so 
that one finds strata of compressed tissues at higher levels m the shaft 
But the origmal stratum of compression persists and can be readily iden- 
tified for two or more weeks m the substance of the shaft From it one 
can locate the startmg point of the rachioc process 

In the human being coUapse at the camlage-shaft junction also occurs 
very early and may be exactly like that just described in the rat (Fig 
3, a, b, c and d), that is, both the layer of large swollen cartilage cells m 
contact with the shaft and the fringe of calcified matrix substance, which 
has extended in between them, are mvolved As m the rat, the cell cap- 
sules may be partly collapsed, so that the intracellular spaces remain 
partially open, or they may be completely flattened The spicules of the 
fringe may be simply bent to one side or extensively buckled or fractured 
or flattened so that they he horizontally As m the rat, at the extreme 
periphery compression is not usual If no lime salt deposition has taken 
place in the cartilage m contact with the shaft, the cartilage alone is 
affected in the compression process In an illustrative specimen in our 
possession the compression of the under surface of the proliferative car- 
tilage was at least fifteen cells deep The ends of the trabeculae v ere 
driven mto the soft cartilage At the pomts of impaction the cartilage 
cells were squeezed flat and had the appearance of fibrous connecave 
tissue with nuclei runmng horizontally In the spaces between tbe trabe- 
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Fig 3~a PboUmiKrogrsph Qow poner Men) from a microscopic section of the ujiper 
end of tile tihia of tlie rat killed tirenti-iour Jiours ifter the substitution of the Stceii- 
hoci-Elack ricJ ets-produemg diet for tlie stock diet. 

riie picture is presented in order to shove tint, alreadv collapse of tlie fringe of fruiie- 
veork of calufied matrix substance has taken place The crushed fringe embraced not onh 
the cartilage cell capsules which had tust I'een penetrated but also the c ipsules of th 
lovrermost lulh developed cartilage cells which were in process of being attacked 

Fig 3 — b Photomicrograph (low power view) from a microscopic section of the lower 
end of tlie ulna of tV H (No 1073) aged two months 

Ihe picture shows tlie bending and fracture of tlie fringe of the frameworl of cilcified 
matrix substance. Tlie condition in tins mfant corresponds exactlv to tbit iiist sluiwn 
in the rat in Fig 3, a 

Fig 3 — c Photoraicrograjih (low power view) from a microscopic section of the ril' of 
J P» (So 1015) aged two months 

The picture shows the compression which is resultmg m stratification, of the lowcnno-t 
( a^tilage cells diose in contact with the trabecnilar framework The ends of the spicule^ 
of tlie trabecrular framework are bent and everted to the right Vt the left (the point 
’'idicated hr an arrow ) pockei formation has commenced and at the toji of the po'’! et 
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culae the cartilage bulged downwards into the shaft and had a looser, 
more nearly normal arrangement If the rickets continues, the weak 
tissues forming under its influence keep on givmg way from ame to time 
as in the rat But these collapses are not conspicuous unless lime salts are 
present to mark the pattern 

Slight degrees of compression are much commoner than the severe 
ones described The cartilage capsules next the shaft are oval or shoM a 
variety of irregular shapes and often are squeezed out of line, so that the 
columnar arrangement is gone Also, as in the rat, the compression areas 
are scattered and seem to have a special connection with certain trabe- 
culae or trabecular groups 

Collapse at the cartilage-shaft junction, as already pointed out, does 
not occur universally in rickets It is a phenomenon, as might be imag- 
ined, dependent on the combination of rapid growth, severe rachitic 
state and pressure It will not be found at the cartilage-shaft junctions at 
which growth is very slow We And it chiefly at the fast growing ends 
of the long bones in young infants in whom severe rickets has developed 
suddenly Compression signs will not be found at the slow growing ends 
of the bones because thetr strength is so little impaired It is remarkable, 
however, if one exammes with great care the entire breadth of the cartil- 
age-shaft juncuon, m particular the points at which the trabeculae abut 
on the cartilage, how often slight degrees of compression are present 

The cause of the compression is evident enough Apparently the ex- 
tension of the lime salt deposition mto the framework of matrix substance 
of the cartilage is designed not alone to guide the invading capillaries but 


IS a fragment of calcified matn\ substance At the point on the right indicated ha the 
arrow a blood ^essel has begun to work its wa\ into the cartdage 

Fig 3 — d Photomicrograph (high power \iew) from a microscopic section of the rib 
of F R (No 165) aged two \ears 

Ihe picture shows the most e\treme compression of the bottom-most part of the prolifera- 
tnc cartilage Tlie compressed tissue is ten to fifteen cells deep The lacunar spaces are 
represented b\ slits The adi ance fringe of tlie framew ork of calcified matrix substance 
lias been frictured and bent back with the crushing of the cartilage cells in the general 
collapse Ihc reason that the framework docs not extend into the substance of the carti- 
lage is hccausc it has been flattened out Formerh it did extend mto the cartilage between 
the cell columns At the two points indicated h\ arrows invasion is commencing Between 
these points in the plane of the section acsscls are presented from reaching the under 
surf ict of the cirtilacc as the result of the trauma Compressed cartilage, such as is 
exhibited, offers a formidable barrier The columnar arrangement of the cartilace cells is 
cntirels gone 





also to give support to the large swollen cartilage cells bordering on the 
shaft Obviously the capsules of these cells are unable, unsupported, to 
withstand pressure It is noteworthy that the compression is limited to the 
lov^ermost cells, those in contact w ith the shaft The v ealcening process, 
therefore, does not seem to be the result of aging but rather of the influ- 
ence of the approaching marrow elements If the cartilage cell is view ed 
as a sort of bladder wdiich, w hen squeezed, is readily flattened out but is 
pret^ented from bursting by the circular fibers in its capsule (Bennmg- 
hofF,-T one can understand the variety of form and displacement The 
obseiw^ation that, except in ver)’" severe cases, the compression occurs only 
in localized areas is most important, for the establishment of barriers at 
the cartilage -shaft junction has a great influence m determimng the irreg- 
ular invasion of the cartilage wTich presently w^iU be discussed 

Elongation of the zone of pi ohfei ative caitilage All pediatricians 
knoAV that the increase in length of the clear space benveen the end of the 
shaft and the nucleus of ossification of the epiphysis, as seen in the x-ray 
film, IS a sign of rickets Study wuth the micioscope show's that the nssues 
composing the clear space are proliferative cartilage and trabeculae com- 
posed of osteoid covered cores of uncalcified matrix framewmrk, some- 
times containing cartilage cell mclusions (chondro-osteoid trabeculae*), 
w ith blood vessels, marrow'’ and connective tissue cells betw'een The pro- 
liferative cartilage occupies the upper part and is greatly in excess of the 
normal and m the earlier stages of the disease forms the major part of the 
tiansparent tissue The chondro-osteoid trabeculae naturally are found 
on the shaft side They vary m quantity vety much, increasing as the 
rickets becomes older The excess of proliferative cartilage w'as thought 
by Pommer^ to be due to increased grow'th He conceived that the car- 
tilage cells multiplied faster than normal as a result of stimulation from 
the combined influence of some toxin and increased vascularits'' The 


true cause, namely, failure on the part of the forces of the shaft to invade 
the proliferative cartilage and to build it over into shaft w'as clearly 
recognized by Schmorl,® although his pet proof, based on the distance 
apart of the transversely directed blood vessels, rests on an entirely erro- 
neous conception of the blood supply The proliferative cartilage in- 
creases in amount merely because it accumulates Incidentally, Jahn and 
Schmorl and Lossen-® demonstrated that the proliferative cartilage m 


*\\e use the term chondro osteoid trabeculae ubether the core rell 

bu\U IS compo«ied of imcalcified cartilaginous mntrix framcuork alone or 


inclusions 
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the non-rachitic rabbit would increase in mass, if the circulation of the 
shaft were prevented from reaching it 

In the rat the part of the proliferative cartilage responsible for the 
increased length, is the zone of large, fully developed cells Dodds and 
Cameron’’ find that the total length of the proliferative cartilage at the 
upper end of the tibia in rats fed the Steenbock-Black rickets-producing 
diet for from three to eight weeks may be increased to fifteen times the 
normal (Dodds®^) and that the number of cells in the affected zones vary 
from eighty-eight to one hundred and forty-five, as compared with a 
normal of about four Dodds and Cameron® find also that the cells have 
a decreased vertical diameter, they are shorter (flatter) than normal, a 
phenomenon attributed to defective formation but perhaps due in part 
to compression The topmost zone, that of “resen^e cells” and the zone 
of flat cells below, designated “the zone of flattened cells and cell multi- 
plication ” showed essentially no changes except that mitosis appeared 
to be diminished in the later stages of the disease 

Dodds and Cameron’s’’ observations on growth of the tibia of the 
rat in rickets are interesting They found that the growth in length \\ as 
retarded from the beginning but continued for about three weeks, and 
that It then t irtually stopped They ascribed the retardation and stoppage 
to two factors, first, the diminution m cell multiphcaoon, and, second, 
the production of cells having a smaller vertical dimension In our experi- 
ments with the rat the tibia stopped growmg and the shaft proper, 
lengthening by the eleventh day and in some instances even earlier 
In the pupp^ the zone of proliferative cartilage may become enor- 
mously increased and it may also be much increased in the rabbit (Fig 
4) That the proliferative carulage can be in great excess in rickets in 
the case of the human being is common knowledge Dodds and Cam- 
eron’s’’ observations on the rat probably apply to the human bemg The 
increase in the length of the proliferative zone is due to an increase in the 
number of large fully developed cuboidal cells which are the products 
of cell mulaphcation The zones of cell multiplication are not increased 
in size It IS also probable that in human rickets multiplication of the car- 
tilage cells becomes retarded say this because of the v ell-known 
fact that, if rickets persists o\ cr a number of years, retardation of grou th 
may become extreme Dodds and Cameron’s® obseraaaons that in the 
richitic rat, cell dn ision in the proliferative cartilage dwindles, is of fun- 
damental importance since it shows actual growth processes are affected 
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Fig 4 — Photomiciognph (low power \iew) tiken fiom tlie inicroicopit 
section of the upper end of the tibia of a nbbit m which iickets Ins 
been produced 

The picture is shown in order to illustrate the great broadening of tlie 
proliferatn e cartilage which occurs in rickets and also the irregularit\ 
of the incasion At the sides blood \essels lia\e extended far into the 
proliferatn e caitilage and on the left hace adcanced almost to tlie 
normal limit of penetration Die reason tint the central portion of the 
proliferatn e cartilage remains essentialh intact is that it has been pro- 
tected b\ a hairier of crushed tissues composed of both cirtilage cells 
and matrix framewoik 


S'welhng of the pi ohfei atwe caitilage The evidences of swelling of 
the proliferative cartilage can occasionally be found in the human being 
at the fast growing bone ends They consist in a deflection outw aids of 
the spicules in the peripheral part of the fringe of calcified matrix sub- 
stance, while the more central paits retain their vertical direction Also, 
the columns of cartilage cells at the extreme periphery bulge aboi e the 
junction with the shaft, as if prevented from expanding at the shaft le\ cl 
by their attachment 

Invasion of the cai tilage As long as lime salt deposition in the prolif- 
erative cartilage is presenmd, normal invasion continues, that is, individ- 
ual capillaries continue to attack individual cell columns or column 
groups But as soon as it becomes disorderly or stops, the focal type of 
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invasion of the proliferative cartilage, so characteristic of rickets, sets in 
This type of invasion depends on failure in hme salt deposition at the 
cartilage-shaft junction It commences much sooner, therefore, in severe 
than m mild rickets Indeed, as Dodds and Cameron® point out, the 
normal kind of invasion may be approximated indefinitely, if the rickets 
IS mild enough In the rat when the Steenbock-Black rickets-producing 
diet IS substituted for the stock ration, irregular penetration appears at 
the earliest on the fourth day and does not become well developed until 
the tenth In contrast, the defect in lime salt deposition and the com- 
pression at the cartilage-shaft junction declare themselves within twenty- 
four hours A latent period, therefore, is required, for the disturbance in 
invasion to reach the magnitude necessary for it to become apparent The 
same is undoubtedly true in the human being 

In the human being we have found the study of the beginnings of 
the penetration difficult Apparently the course is not always the same 
If fresh calcium deposition has ceased all along the front, it is common 
to find that the capillaries have advanced to the level of the furthest 
deposits and that some are extending out into the cartilage in advance of 
them This type of invasion is most commonly seen at the cartilage-shaft 
junctions of the very rapidly growing bone ends in young infants 
Another example of invasion, the one often encountered at the slow 
groM ing bone ends, is as follows At various points in the proliferative 
cartilage calcification is defective Beneath the defective areas he dilated 
capillaries, often in holes or pockets in the lattice framework Either the 
pockets happened to be there or they were created by the blood vessels 
In some instances the latter explanation seems probable because a frag- 
ment of a spicule of calcified substance protrudes from the cartilage edge 
or lies free in the pocket (Fig 5), or because one of the more massne 
partitions of matrix substance ends at the under surface of the cartilage, 
as if cut away, instead of being continuous with the lamce formation 
underlie ith The matrix substance of the cartilage in contact with the 
capilhri stains yellow (hematotydin and eosin preparations) and the 
loss of poM cr to take the blue color has extended upy ards In some in- 
stances this change does not occur Adhering to the under surface of 
the yellou cartilage are a feu cells of the connective tissue family prob- 
ably nicscncln mal cells accompanying the capillan- These are the pre- 
monitorN signs In the next stage the acsscl has broken into a lacuna or 
produced in excai ition in one of the more massn e arms of the matrix 
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Fig 5 — Photonncrogr ipli (low power mow) from a microscoiiic section 
of t'le rib of J W (No 159) aged fifteen months 
Ihc picture shows a pocket in the framework of calcifieil matrix sub- 
stance such as the capillary creates w'hen it reaches the under surface 
of the cartilage and is unable to athance A fragment of calcified 
matrix substance can be seen at the top of the pocket Presuinabh this 
represents a remnant which, if death had not supers ened, ss’ould soon 
base been carried ass as On the under surface of the cartilage sshich 
forms the roof of the pocket some cells, prcsumabls mescnchsmal cells 
sshich accompany the blood scssels, arc present but do not shosv The 
cells in the pocket arc almost entirclj conncctise tissue cells It ssas 
such accumulations ss’Iiich made Schinorl regard conncctise tissue for- 
mations immediately under the cartilage as one of the s ers earls signs 
of rickets The cartilage abosc the pocket shosss the selloss color anil 
other degeneratisc changes described in the text 


framework Later one finds that the vessel has made a definite advance 
into the cartilage substance and the yellow color has extended higher 
in the matrix framework 

Vessels may pass through the calcified framework and on into the 
cartilage just as under normal conditions In some places in v^hich the 
plane of the histological section makes it possible to trace v hat has hap- 
pened one can see broad channels leading through the lattice framework 
to the under surface of the cartilage and vessels traveling up them and 
passing on into the cartilage Obviously vessels break into the cartilage 
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wherever they can and the eruption need not be attended with abnormal 
signs 

After the vessels have succeeded in reaching the interior of the pro- 
liferative cartilage they seem to grow rapidly The picture of the inva- 
sion process, after penetration of the cartilage has taken place, is best 
obtained through the study of cleared preparations When in the early 
stages of rickets these are examined, tiny sprouts appear to be growing 
from the end of the shaft At a later stage the sprouts resemble small 
bushes, with respect to stem, branches and rounded outline A^'hen the 
rickets is advanced, the picture is like this From the end of the shaft a 
variable number of bush-like formations protrude Some have a smgle 
stem from which fact it can be inferred that originally a single capillary 
broke through, others have a number of stems and a broad base, indicat- 
ing that several capillaries must have broken through together A great 
difference in size is noted Some bushes may be so large that they extend 
well toward the top of the proliferative cartilage Side by side with them 
may be smaller vessels In yet other places the bud-hke outgrowths are 
just commencing The bushes are not distributed with any symmetry 
The outer side of the upper end of the femur, for example, may show 
none but the inner side many They may he close together m one region 
and be widely separated in another In general, even if close, they are 
separated by transparent cartilage but, if large, which means that the 
rachitic process must have lasted for a long time, they may meet Most 
of them seem to be lying m a vertical direction but some may mchne 
If one inclines, examination shoxvs that the surrounding cartilage has been 
displaced out of the vertical direction, presumably from the action of 
mechanical factors The inclination of the bush depends on the inclina- 
tion of the cartilage in which it is growing The study of cleared prepara- 
tions brings out the fact in the most striking way that blood vessels break 
into the cartilage at different times The variations in size can mean only 
that penetrauon was easier at some points than at others 

If the rickets is mild and grow th slow , one finds in the transparent 
preparations only the \ cssels from the end of the shaft, as just described 
But if the rickets is of long duration and se\ ere and the prohferaove car- 
tilage has accumulated m large mass, additional vessels, often very laro-e 
ones, arc seen descending from ^bo^ e and also entering from the sides 
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(Fig 6 , a, h, c and d) The mass of cartilage is being invaded from all 
quarters 

The vessels entering from above have the same general bush-like 
appearance as those extending upwards from below, but they have much 
longer stems, that is, they descend into the cartilage for some distance 
before they begin to branch, whereas the vessels rising out of the shaft 
branch immediately They vary in size, just as do the vessels ascending 
from the shaft, but, unlike the latter, show branching at widely different 
levels They are not disposed symmetrically and do not he in any defimte 
spatial relationship to the shaft vessels A descendmg vessel may be oppo- 
site an ascending, or a descending may extend downwards between as- 
cending ones They remain separated from each other by the clear car- 
tilage and in general do not join the upgrowmg vessels from the shaft 
Particularly in the ribs, when the seat of severe rickets, the descendmg 
branches may reach enormous size, extending almost to the shaft \^'hen 
such IS the case, vessels from the shaft are poorly developed 

The vessels entering from the sides seem of minor importance They 
usually are small and turn upwards either immediately on entering the 
cartilage or after penetrating only a short distance They thus keep 
fairly close to the perichondrium Occasionally one is seen growing into 
the cartilage at right angles to its columns 

We have obtained the distinct impression that the invadmg vessels 
tend to avoid each other, as if a negative chemotaxis existed, although in 
advanced rickets some of them may join When rickets begins to heal, 
they grow together with rapidity 

The presence of vessels growing into the cartilage from the shaft is 
to be expected But in the normal bone, vessels do not mvade the prolif- 
erative cartilage from elsewhere In order to make the origin of the 
invasion from these new quarters clear, it is necessary to explain briefly 
the vascular supply of the cartilage m the young child 

What 01 e the cartilage canals^ The proliferative cartilage in the nor- 
mal infant and young child has a blood supply of its own The vessels 
composing it, together v ith their connectn e tissue adnexa, are know n 
as cartilage canals because of the broad channels w hich they create m 
the cartilage substance They contain an arter)’- and (often tw o) \ eins 
and are surrounded by a thick in\ estment of connectn e tissue in w hich 
run many small branches and capillaries The canal \ essels are branches 
of the perichondrial a essels In the rib carnlage canals occur m the rest- 




5 


6 


THE BULLETIN 










ll'j 

m 



y '”A 

Fifr C c 



Fig G (1 


Fig 6 — c Dramng of cleared specimen of the rib of D J fNo 18-1) aged nine months 
It shows quite beautifullj the mtaston of the cartilage bv blood tessels springing from 
the end of the shaft The \ essels are long and thin Thej are separated from each other 
b> transparent cartilage At the lower half of the central group of a essels chondro oseoid 
trabeculae which hate been de\ eloped about the stems hate taken up lime salts Their 
true trabecular nature can easilj be detected because of their characteristic pattern Tlic' 
appear black in the drawing At the left in the cartilage, close to the perichondrium, is 
a deposit of lime salts It lies between \essels aabich have ascended from the shaft and 
the perichondrial membrane Its pattern is rather poorly represented in the drawing 
because its texture is so fine as to defv delineation On the right side a perichondrial 
vessel has arched out into the substance of the proliferative cartilage and some of its 
lowermost branches are growing at right angles into the latter Just above the vessels is 
another deposit of lime salts in the cartilage Its characteristic relationship to the blood 
vessels does not show particular^ well in the drawing 


Fig 6 — d Drawing of a cleared siitcimen of the nb of L H (No o4o) aged ten months 
The drawing shows beautifullv an enormous accumulation of cartilage in the rachitic 
intermediate zone and correspondinglv enormous descending branches of the cartilage 
canals which reach to the shaft The drawing also shows perichondrial ingrowths on 
both sides The enormous size of the descending branches of the cartilage canals and 
the verv large size of the perichondrial vessels is due to the fact that essentiallj no 
invasion has taken place from the shaft itself As pointed out in the text, blood vessels of 
perichondrial and cartilage canal origin attain great size, onl> when invasion from the 
shaft IS almost fentirelv prevented bv barrier formation The drawing also illustrates 
how the ingrowing vessels no matter from which side thev come seem to avoid each 
other As soon as healing takes place thev grow together 
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mg as well as m the proliferative cartilage Those supplying the prohfer- 
ative cartilage are the ones \\ hich concern us They penetrate the resting 
cartilage just above the level of the proliferative cartilage, skirt along the 
top of the latter giving off branches which end there and others which 
descend vertically toward the shaft The descending branches, except m 
rare instances, appear to atrophy after a short distance The thick sur- 
rounding cartilaginous walls, however, dimimshed and contracted into 
a band, are prolonged into the shaft Often the osteoblasts build on it a 
massive trabecula which m the x-ray film can be seen extending far down 
mto the shaft It is verj?- difficult to determine ho\i far down blood vessels 
reach m these descending offshoots Our general impression is that they 
extend only a short distance 

The vascular supply of the proliferative cartilage of the long bones 
having epiphyses is exactly similar to that m the ribs except that m them 
the proliferative cartilage does not have its private supply system The 
vessels extending mto it are branches of vessels which cluster around the 
nucleus of ossification All the vessels of the cartilage canals terminate m 
curious bulbous formations They do not anastomose and are, therefore, 
end vessels 

The cartilage canals are temporarj'' structures, evidently necessary 
for nutrition of the cartilage m fast grow mg centers, for they atrophy 
and disappear later on m childhood They are present m the puppy and 
young rabbit but not m the much smaller bones of the young rat m w hich 
diffusion distances are small 

The viechanisvt of invasion In the proliferative cartilage of the fast 
growing epipliyses either single columns of cartilage cells or small groups 
of columns, forming fascicles, are the units They are separated from 
each other by, relatively speaking, thick layers of matrix substance which 
constitute the major or essential framework of the proliferative cartilage 
It IS m this framew ork that the lime salts deposit This framew ork persists 
after the cartilage cells have been cleared aw ay by the invading blood 
vessels and on its surface the osteoblasts settle and build bone The indi- 
vidual cells of the columns are separated from each other by their cap- 
sules and a thin inten enmg layer of matrix substance These, fused to- 
gether form the intercellular cross partitions The mdnidual columns 
of the fascicles ha\ e also thin separating layers These form the thin longi- 
tudinal partitions Unless growth is ler}^ slow, lime salt deposinon does 
not occur m tlieni or in the cross partitions and both are destroyed by 
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Fig 7 — Photomicrograph (high power \ie\\) from a microscopic section 
of the upper end of the femur of J IV (No 957) aged three and a half 
niontlis 

Tlie picture shows tlie en riia^ve in\ ision which occurs chaiacteristicnlh 
m rickets It is apparent that not onh aie tlie cartilage cells being at- 
tacked and destroied but also the matri\ framework On tlie right side 
niitriN framework denuded of its cells persists but in the center a pir- 
tition between the \asculir outgrowths contains cartilage cells When 
osteoblasts settle on these partitions of matrix framework substance 
with or without cells and form osteoid coierings, the tipicil chondro- 
osteoid trabeculae, so characteristic of rickets, are produced 


the invading blood vessels The course in normal endochondral bone 
formation, then, is as follows When a single column of cartilage cells 
stands in the path of a capillary, the capillary breaking into the lacuna of 
the nearest cell encounters the cross partition above After a delay re- 
quired to overcome its resistance the capillary breaks through into the 
next lacuna, and so on If a fascicle of columns lies in front, the capillary, 
spreading out, attacks the bottom-most layer of cells simultaneously 
This process necessitates the destruction of the uncalcihed longitudinal 
partitions benveen the columns in addition to the cross partitions 
In rickets the method of invasion of the cartilage is similar to that 
winch occurs normally, when a fascicle of cartilage columns is dealt 
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with, that IS, the blood vessel attacks simultaneously a group of cartilage 
columns and the matrix substance between However, there is this impor- 
tant difference, that in rickets the capillary (or capillary group) attacks 
at the same time several different units, i e , several columns and fascicles 
together and so encounters the thick matrix walls which separate the 
units from each other A^^hen invasion of the proliferative cartilage is just 
commencing it is common m the histological preparation to see a capil- 
lary growing against three to four columns of cartilage cells and leaving 
a correspondingly wide track behind (Fig 7) In severe protracted 
rickets one often finds an arc or horseshoe of dilated capillaries, repre- 
senting the outermost branches of a large vascular bush, attacking 
simultaneously dozens of columns With the increase in size of the in- 
vading blood vessels this eii masse mode of destruction of the cartilage 
proceeds on larger and larger scale When the invasion has gone on for a 
long time, one sometimes finds along the inv’^asion surface large holes or 
ca\ ities, evidently representing the lumma of blood vessels, which ma\ or 
may not be filled with blood cells Evidently the surface capillaries of the 
bush have become large channels (Fig 8) The mechanism of destruc- 
tion of cartilage in this en masse type of invasion, as seen under the micro- 
scope, appears to be as follows The capsules of the cartilage cells ob\ 1- 
ously resist the vessels for a time and then one suddenly gives v ay The 
vessel entering the lacuna creates for the moment a small salient at that 
point, then an adjacent cell capsule gives way, and thus the process 
continues The destruction of the uncalcified matrix substance appears 
to be a steady process of solution or erosion 

In some instances the blood vessel completely destroys the matrix 
substance with the cells This happens when the invading \ essels are very 
large Usually, hov^ever, more massive parts of the matrix framework, 
even though uncalcified, sunnve On any framework which sunnves, 
osteoblasts settle and use it as a base for trabecular formation This type 
of in\ asion process \ aries much with the degree of nckets If the rickets 
IS just beginning or is not severe, the im ading \ essels remain small In 
that case, the massive parts of the framew ork of matrix substance quite 
rcgul irly escape It is v hen the disease is advanced and the invading units 
h n c become large channels that the massn e parts of the framew ork o-o 
dow n w ith the cell capsules The methods of in\ asion are exactlv the 
same w hethcr the t cssel happens to take origin from the shaft, periosteum 
or cirtihge 
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Fig 8 — Photomitrogr iph (high power \ie\\) from a microscopic section 
of the tibn of a pupp' m which iickets had been produced e\peri- 
iiientalh 

riie picture is shown to illustiate tlie enormous dilatation of the aes- 
sels whicli occupi the adianeiiig surface of the lascular bush when the 
latter has attained large size The aessels were injected with india ink 
Ihe black represents the greatly dilated lumina of the lascular chan- 
nels Surrounded in fiont ind on the two sides In the mdii ink is i 
mass of blood cells In the path of this minding miss of blood lessels 
both cartilage cells and matrix substance alike are being destrojed On 
the right of the central lascular bush cm be seen a partition of carti- 
lige beiond which it the extreme right is mother lascular bush, onh 
parth shown 


It does not require any great degree of imagination to picture the 
gross effects on the proliferative cartilage of the irregular invasion The 
invading blood vessels with their accompanying cells create ever enlarg- 
mg holes, vdnch, of course, are not actual cavities since they are filled 
with marrow elements brought by the blood vessels and contain in addi- 
tion cartilage remnants If one imagines a bush of invading blood vessels 
as a cast, and the hole in the enveloping cartilage as the mold, it will 
become apparent that the hole is not a simple cavity but has innumerable 
thin, si^nuous recesses, larger ones corresponding to the larger brandies, 
into which open smaller ones corresponding to the smaller branches, into 
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which in turn open still smaller ones corresponding to the smallest 
branches What we are attempting to do by this comparison is to make 
clear that the invading blood vessels through their branchmg penetration 
reduce the enveloping cartilage to innumerable partitions The osteo- 
blasts, which accompany the blood vessels, settle on the surfaces just as 
they settle under normal conditions on the surfaces of the partitions of 
matrix framework and cover them over with osteoid bone These parti- 
tions are frequently composed of both matrix substance and cells Thus in 
rickets trabeculae are formed in the interior of which are cartilage cells 
They belong to the chondro-osteoid trabeculae already mentioned The 
chondro-osteoid trabeculae form an interlacing network and twnst about 
in every direction without any semblance of plan The reasons are evi- 
dent enough in their mode of formation and the action of mechanical 
forces 

Cat/se of the ti 1 egiilanty in the invasion Why is in\ asion of the pro- 
liferative cartilage so irregular in rickets^ The explanation that has been 
given general acceptance is that of Schmorl ® He held that the blood 
vessels found it easier to grow through those places where calcificanon 
m the proliferative zone of the cartilage was defective than where it was 
normal Accordingly, the capillaries chose the defective spots, and after 
their penetration, grew into large vessels and drew aw ay the circulation 
from the calcified portions Schmorl,® therefore, assumed defects in cal- 
cification of the cartilage as the essential primary condition He offered 
no explanation why they occurred Given the defects, the tram of events 
developed in a natural sequence 

SchmorP based his hypothesis on the study of histological prepara- 
tions wTich he considered to represent early rickets The illustrative pic- 
ture wdiich accompanied his article (see Table i in Schmorl’s article) 
depicts beauafully blood vessels growing through large gaps in the zone 
of calcification How^ever, it show^s that the rickets is already w^ell ad- 
vanced We are under the impression that Schmorl’s Inqiothesis is not 
correct '\^T give our reasons later 

In the rit the circulation at the carnlage-shaft border is not with- 
draw n at the onset of rickets On the contrary, the capillaries all along 
seem to be distended wuth blood The cause of the irregularity does not 
seem to he, therefore, in any local circulatory^ failure In the human be- 
ing, also, it the beginning of rickets the circulation at the cartilage-shaft 
junction docs not seem irregular 
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In approaching the problem it is safe to proceed on the assumption 
that blood vessels will break through where they can In some instances 
they are obstructed First, obstructions may be subchondral Complexes 
of branching or interconnecting trabeculae may be found under the car- 
tilage V hich in the plane of the histological section appear to be pre\ ent- 
ing access of the blood vessels These are encountered particularly at the 
slow grow mg cartilage-shaft junctions When crushing of the calcified 
cartilaginous framework at the extreme end of the shaft has taken place, 
the bent spicules or fragments may block the regular channels of advance 
Second, the obstruction may he in the cartilage at the cartilage-shaft 
junction With the development of the rachitic state the cartilage as a 
whole becomes resistant, as will be explained later A general resistance 
does not explain local differences, but it serves to delay initial penetration 
and may add to the effects of other factors, for example, compression, 
and cause irregularities in the circulation, as is pointed out below 

Local obstruction usually takes the form of compressed cartilage 
w Inch is most apt to be situated at the points of impingement of indi- 
vidual trabeculae or groups of trabeculae The cartilage may be com- 
pressed to such extent that it becomes stratified Compressed cartilage 
evidently may furnish considerable obstruction to vascular penetration 
and e\ en slight compression, some obstruction If the compression his 
produced stratification, obstruction xvill be very great In several of our 
specimens the stratified under surface of the cartilage seemed to haie 
formed a resistant wall ^^’e are under the impression that even slight 
disarrangements of the cartilage by wdiich the cells are thrown out of 
line increased the difficulty of invasion 

On reaching the under surface of the cartilage the blood \ essels w ill 
penetrate at once, if no obstruction exists If, how'^ever, they are unable 
to go forward, they often spread laterally as xvhen growTh of normal 
cartilage is suddenly arrested for any reason and in so doing destrov the 
spicules of calcified matrix substance on either side, thereby creating 
pockets From these they attempt to break through the barrier into the 
cartilage This they wnll do ultimately 

Third, obstruction, theoretically, may exist in the form of a \er\ 
heavy deposit of lime salts in the cartilage bordering on the shaft Ob- 
viously, if lime salt deposition has been completely suspended, there can 
be no obstruction from that source If the deposition ahead of the i esscl 
IS light, the vessel will carry it axvay ver)'- easily This the invading ^ essels 
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do continually We have found instances in vhich the bare capillaries 
themselves appeared to be successfully erodmg calcified carulagmous 
matrix framework If the deposition in front of the vessel is hea\T) it 
may act as an obstruction We have evidence, however, that the larger 
vessels lying just under the cartilage so alter the cartilage immediately 
in front of them as to prevent it from taking up calcium salts As a 
consequence inhibiting barriers of lime salt deposition do not ordinarily 
form m front of the vessels This subject will be discussed later 

After the vessels have passed the barrier at the cartilage-shaft junc- 
aon, they are free to expand We hesitate to say with SchmorF 
that those which have succeeded in penetrating take away the circula- 
tion from their fellows With their increase in size, however, they do 
transmit increased blood volume, whereas the vessels which fail to pene- 
trate remain small 

At the cartilage-shaft junctions of the slower growing epiphvses the 
causes of the irregularity of invasion are nor entirely clear Obstruction 
from compression may occur, but is not usual At those locations vascu- 
lar trunks appear to reach the under surface of the cartilage only at 
certain places Between these places one finds hea\y trabecular forma- 
tions In other words, channels exist between the trabecular formations 
leading to the under surface of the cartilage and the imasion of the 
cartilage takes place at the points where these channels open, i e , \\ here 
the blood vessels happen to he 

Calcified matrix framework forms the boundaries of the apertures 
where the vessels have penetrated Either the vessels that penetrate or 
others attack this calcified material from the sides The erosion process 
goes on for as long as the nckets lasts As the result, the original small 
holes of penetration become larger and larger The masses of calcified 
matrix substance which inten^ene between the pomts of penetration 
become correspondingly reduced After the rickets has persisted for a 
time the large holes and the small fragments of calcified matrix between 
gn c a most misleading idea in regard to the condition at the time \\ hen 
the rickets began 

IVhy do the apparently aaithered branches of the cartilage canals 
conic to life and the perichondrial vessels grovi out into the cartilage^ 
W hen the \ csscls of the shaft succeed in budding into the cartilage it 
IS cas^ to understand why thev should continue to grov But aahv 
should the \ csscls of the cartilage canals and the perichondrial a essels 
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]om m the invasion^ The mere fact that capillaries from the end of the 
shaft normally grow into the proliferative cartilage makes it seem cer- 
tam that the cells of the latter when fully developed must possess 
chemotactic properues In cases of rickets we can often follow small 
arteries through the shaft and observe that on arriving in contact with 
the cartilage they undergo e\treme dilatauon When the fully grown 
cartilage cells accumulate about the descending branches of the cartilage 
canals, they must stimulate the^capillaries in the canals to growth exactly 
as they do the capillaries 6f the shaft How it is accomplished is un- 
knoum The situation must be similar to that when blood clot forms 
or dead tissue develops in the neighborhood of capillaries As a possible 
reason why the budding out process does not occur under normal con- 
ditions we point to the thinness of the layer of fuUy developed cartilage 
cells and the fact that it is taken up as fast as formed by the shaft vessels 

The budding of the canals does not occur unless the disease is severe 
and prolonged and may not occur even then One branch may bud and 
another not, or the level at which budding occurs may be different 
These variations may be explicable on the basis of differences in length 
of the blood vessels in the descending branches 

The participation of the perichondrial vessels must be, also, in 
response to chemotactic influences originating in the accumulated mass 
of fully mature cartilage cells 

Schmidt^^ and SchmorP® seem to regard the invasion from the car- 
tilage canals in rickets as not only abnormal but most mjurious We 
admit that it never occurs normally It is obviously, however, an effort 
to compensate for the inabilit}'' of the shaft vessels alone to meet the 
situation and as such it is most successful When the healing process 
once begins, it is completed much more rapidly as the result of the 
previous coparticipation of the vascular system of cartilage and peri- 
chondrium m the invasion process 

Both Schmidt"® and SchmorP® hold that the cartilage canals art 
chief agents for conversion of caralage in rickets Our study of ck 
bones demonstrates that such is not the case In the great majori 
instances the vessels from the shaft take the entire or else the ma)o 
of the burden Hov ever, in the ribs and occasionally in other fast ^ 
mg bones the canals dominate the picture, becoming enormous 
reaching to the cartilage-shaft border In that case the invading 
1 from the shaft remain very small W^hether or not the cartilage 
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develop to large size depends, first, on the amount of accumulation of 
the mature proliferative cartilage and, second, the extent and effecm e- 
ness of the obstruction at the cartilage-shaft junction When the canals 
become enormous, the shaft vessels have been effectually blocked for a 
long time 

The changes tn the caitilage We are much handicapped in studying 
the cartilage in the infant because of difficulties in interpretation Stand- 
ards of comparison are lacking, owing to variations m age and growth 
rates at the various bone ends Also, we are not sure that the disease 
from which the infant died, in particular if accompanied by extreme 
dehydration, may not have altered the cartilage Recently, smce we have 
become aivare of the frequency of vitamin C deficiency, we have often 
felt insecure lest it might have been a factor m altering the cartilage 
cells Finally, in certain instances it has been difficult to exclude con- 
genital syphilis wdiich may affect the cartilage Hence, we are particu- 
larly grateful to Dodds and Cameron® for their beautiful studies of the 
effects of rickets on the proliferative cartilage in the rat 

We have already mentioned that Dodds and Cameron® found the 
fully growm cell of the proliferative cartilage shorter than normal, 
though of the same breadth We have thought that in some cases of 
human rickets the fully grown cell was smaller and more ball-like and 
possibly that the capsule w'^as shghtly thicker 

We now call attention to certain degenerative changes which are 
particularly characteristic, if the disease is at all severe 

Psendo-osteoid ti ansf 01111 ation We have chosen this designation 
because it denotes wffiat actually transpires, namely, that the cartilage 
becomes changed into a form which greatly resembles the osteoid tissue 
produced by the osteoblasts If we try to trace the process, it is some- 
wdiat as follow^s The matrix substance becomes yellow and the large 
blue-stainmg cartilage cells and their capsules begm to lose then color 
The cell capsule retains its blue stain better than the cell body and the 
nucleus even better than the capsule Both cell and cell capsule shrink 
Tlie matrix substance increases in amount and the cell capsule becomes 
dun Finally the cartilage cell wnth its lacuna becomes reduced to the 
size of a bone corpuscle and m its setting in the matrix Substance looks 
like one There are great variations In some cases the cartilage cells 
remain large The nucleus and capsule retain the blue stain but the cell 
body becomes clear Later the capsule and still later the nucleus lose 
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their blue stain The capsule seems to merge with the matrix but retains 
at the cell margin its refractile properoes Fmally, the cell without any 
color looks like a ghost of itself and can be identified chiefly because of 
differences in refraction of its capsule All this takes place with litde 
shrinkage In some instances the cells and capsules contract to very small 
size, retaimng the while them purple color and looking hke minute balls 
In general, the closer to the blood vessels, the more the condmon 
resembles osteoid and the further away the more numerous are the 
cells which still retain normal features (staining properties, size, etc ) 
There is evidently great difference, also, in rat, i-f change In some 
instances it must be abrupt, in others gradual 

Development of btzaiie f 01 7 ns The cartilage capsules and cells shrinh 
and assume a globular or spheroidal form, at the same time staining so 
heavily with hematoxylin that the shade is a deep purple Depending 
on the degree of contraction, these cells show great variations m size, 
from dimensions of the full sized proliferative cartilage cell to those of 
the bone corpuscle Occasional cells contain dumbbell-shaped nuclei 
and others double nuclei, as if division had taken place These peculiar 
cells are apt to be found m clusters at the tips of the penmsulae or in 
fringes along the sides, intermingled with other abnormal forms Occa- 
sionally one sees them in the heart of chondro-osteoid trabeculae well 
down in the shaft Ultimately, these cells lose the power of taking hema- 
toxylm stain, become smaller and take on the appearance of bone 
corpuscles 

We think that these degenerative transformations of the cartilage are 
connected with incomplete exposure to the blood If the exposure is 
fairly rapid, the transformation to the bone corpuscle-hke forms is rapid 
If very slow, the various intermediate forms develop Under normal con- 
ditions the capillary is in contact for only a brief time with the capsule 
before penetration takes place According to Dodds and Camerons' 
calculations, a capillary must penetrate seven cartilage-cell capsules daily 
m order to meet the requirements of normal growth in the young rat 
Under the irregular invasion of rickets the cartilage in various localities 
must remain for some time in sufficient proximity to the blood to be 
affected by its pH or some other factor without being actually attacked 
Under those circumstances it passes over into pseudo-osteoid, with or 
without the production of the curious intermediate forms We believe 
that the cartilage cell cannot be exposed to the influences of the blood 


Pathology of Rickets 


S^l 


and remain cartilage A change is forced Harris,®® Ham,®^ Wolbach®® 
and others all are convinced that normally the cartilage cell is dead at the 
time when penetrauon occurs Dodds and Cameron® have reported find- 
ing cartilage cells in normal bone which seemed to be excellently pre- 
serv^fed after liberation from the capsule and we have made the same 
observ^ation We used to think that in nckets actual metaplasia took 
place, 1 e , that the cartilage cells, having been reduced to the size and 
appearance of bone corpuscles, became such Further studies, however, 
convinced us that they actually died An inspection of old chondro- 
osteoid trabeculae will often reveal sht-hke spaces empty of cells, which 
represent the original lacunae and can be identified only because of 
retention of the refractile qualities of the walls 

The chemical changes in the blood pecuhar to rickets may be a 
determining factor One sees degenerative changes in the cartilage m 
scurvy and congemtal syphdis, but not just hke the ones described 

It IS necessary to mention other degenerative changes In many cases 
of severe rickets the fully grown cells seem to be generally changed 
They are i ery small and irregular and the matrix substance greatly in- 
creased The columnar arrangement is poorly preserved, so that the cells 
as a whole have a jumbled appearance The staming reacuons to hema- 
toxylin and eosin are preserved In some of these cases one finds that 
the cartilage at the junction with the shaft is greatly compressed and 
we have wondered if the condition of the cells descnbed might not be 
due to failure in nutritive supply It is also possible that pressure in- 
fluences may be responsible for the changes 

In the puppy suffering from nckets we have encountered actual 
death of the carnlage cells The cells affected were m family groups, 
that is, columns of cartilage cells would be necrouc whereas neighbor- 
ing columns would seem fairly normal In the two ammals studied the 
accumulation of the prohferaave cartilage was nothmg short of enor- 
mous, and the cartilage-shaft border was so compressed that one gamed 
the impression it might have been difficultly penuous or actually imper- 
\ lous to the lymph 

Cartilage may become completely necrotic It is common m the rat 
to find these necrotic areas at the caralage-shaft juncuon They are often 
hemispherical and arc sharply circumscnbcd One occasionally finds 
them in the human being in the same situaaons Dodds and Cameron® 
iscnbc the necrosis to the action of mechanical factors We ha\ e found 
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Fig- 9 — Pliotomicrognph (high power mcw) from a microscopic section 
of the upper end of the tibia of a rat m which the rickets had reached 
an acUanced stage of development 

llie picture shows one of the areas of dead and dMng cartilage cells 
hing just abo\e the shaft In the lower central and left hand regions 
one can see tlie phenomenon of rejmenation of cartilage cells, described 
b\ Dodds and Cameron No blood \essels are growing into the area 
from the shaft However, a blood ^essel, parth injected with india 
ink, can be seen arching across the dead area m its upper part We 
are inclined to think that the occasional c essels seen m tliese dead areas 
h i\ e found entrance after the death of the tissue has occurred 


areas in which no evidence existed in the tissues themselves eitlier cf 
compression or tension, but we could not exclude the possibility of the 
intermittent action of mechanical factors and have wondered if cell 
death resulted from failure in nutritive supply The necrotic areas were 
bounded on the shaft side by barriers through which capillaries were not 
penetrating Schmorl and Lessen-® produced such necrosis in the normal 
rabbit by cutting away bone immediately under the cartilage Where 
granulation tissue had gro^vn mto the cavity, the overlying cartilage 
cells remamed alive but where the cavity was filled with blood clot and 
debris the cartilage cells had undergone complete necrosis In the case 
of the rat, one sees m some instances blood vessels traversing the necrotic 
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areas We have been inclined to think, however, that they had found 
entrance after the necrosis had occurred Between some of these areas of 
necrosis and the shaft we have found scattered cartilage cells, not only 
alive but apparently dividmg, the rejuvenation described by Dodds and 
Cameron® (Fig 9) We have thought that perhaps just sufficient lymph 
passed the barrier to keep ahve these cells and caused them to undergo 
these curious changes 

Is the pi ohferative caitilage abnormally resistant^ The obstruction to 
invasion seems to he chiefly at the cartilage-shaft juncuon and to be of a 
mechamcal nature, as already pomted out At the extreme periphery 
where compression does not occur so readily and the lines of normal 
growth are better preserved, invasion is often deep But conditions may 
be different there than in the mterior on account of the proximity of 
the penchondrial circulation In the human being, dog, rabbit and rat 
mvasion may be entirely absent or poorly developed m one place but 
in an adjacent place approximate the normal The fact that mvasion 
can extend to the normal limit anywhere might be used as an argument 
against special resistance in the cartilage itself However, if one remem- 
bers that growth of the proliferative cartilage is dimimshed or actually 
stopped, as Dodds and Cameron® showed was the case m the rat, slowly 
advancing vessels, if given time, would penetrate to their hnut Chemical 
studies have not been made on the cartilage in rickets, so far as we know*-, 
though the pH has been showm to be unchanged (Pierce®-) Although 
Dodds and Cameron® have demonstrated that the cartdase cell is reduced 
in size (in the rat) and w^e have pointed out that the cartilage does under- 
go most peculiar changes, these peculiarities do not necessarily signify that 
the cartilage is changed chemically The fault may he not m the cartilage 
cell but in the altered chemical conditions m the blood or perhaps m the 
lack of the directing influence of the normal calcium deposits Proof, 
however, that the proliferative cartilage is actually more resistant is 
afforded by treatment, for w^hen vitamin D has produced its effect, the 
cartilage is rapidly penetrated and removed 

The rachitic intermediate zone {or metaphysis) The steady accu- 
mulation of proliferative cartilage and the irregular invasion and clumsy 
conversion of the cartilage by the blood vessels are responsible for the 
formation betw een the end of the shaft and the ^eneratmo- zones of the 
proliferative cartilage of a hodge-podge, known as the rachmc mter- 
mediate zone or, in the German literature, rachitic metaphysis If one 
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Will but think of it as a large mass of proliferative cartilage containing 
in Its interior the vascular bushes which have grown into it from below 
and perhaps, also have entered from above and the sides, and remember 
how the vascular bushes bring marrow cells with them and break up 
the cartilage into chondro-osreoid trabeculae, the histological picture 
ought to be clear The masses of proliferative cartilage which extend 
toward the shaft as peninsulae or ribbons or appear as islands, represent 
merely the remnants of the parts originally skipped in the invasion pro- 
cess The blood vessels are the trunks, stems, and terminal branches of 
the vascular bushes, whether entering from the side of the shaft, the 
cartilage or perichondrium Their bush-hke formation is not apparent 
any more than the structure of a tree would be evident m any section ui 
a single plane, unless it chanced to be veracal through the trunk The 
chondro-osteoid trabeculae represent the partitions of the matrix frame- 
work of the cartilage, freed of cartilage cells by the blood vessels and 
coimred by the osteoblasts with osteoid bone Those which contam mclu- 
sions of cartilage cells represent the thicker partitions of cartilage between 
vascular branches on which osteoblasts have settled as if they consisted 
of matTLx substance alone The cells, limng the chondro-osteoid trabe- 
culae, are osteoblasts with an occasional osteoclast The spaces benveen 
the chondro-osteoid trabeculae are very narrow, as Dodds and Cameron® 
point out, and are filled by the blood vessels and a sparse connective tis- 
sue nenvork Marroxv cells are represented only by stragglers As might 
be expected, the chondro-osteoid trabeculae are most numerous m those 
parts which were mvaded first, i e , on the shaft side The cells of the 
peninsulae are normal looking fully developed cartilage cells, but in the 
peripheral regions and especially at the tips are found the pseudo-osteoid 
transformations and the bizarre forms of cells which have been de- 
scribed Here and there deposits of calcium salts may be found, marking 
focal areas where some time in the past local conditions happened to be 
so much more favorable than elsewhere for lime salt deposition as to 
confer on the areas m question a selectivity It xvill be noted that many 
of these he at the tips of the peninsulae of cartilage but they may occur 
in various places and, if healmg has commenced m earnest, they often 
run crosswise in strata formations Always in the rachiDc metaphysis 
one can see the effects of the operation of mechanical forces 

Evidences of the opeiatton of mechanica] foices In many places 
in the rachitic intermediate zone one can see the marks of mechanical 
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forces ^Ve have already described the compression changes at the 
cartilage-shaft junction The peninsulae of proliferative cartilage which 
extend from the mam mass toward the shaft are almost always bent at 
some part of their course and occasionally are even doubled back It is 
common to find groups of cells which have evidently been compressed 
or stretched The cartilage columns at the periphery of the proliferative 
zone may fan at angles of 45 or even 90 degrees The entire phenomenon 
of cupping IS a response to mechanical mfluences Cell columns at the 
cartilage-shaft border may be stretched apart In the case of the cos- 
tochondral junction, especially, tension becomes a most important 
factor and may cause the lower part of the intermediate zone to give 
way, so that the upper part is pulled around against the outer surface 
of the shaft 

Mechanical forces seem to be operatmg aimlessly On the contrary, 
they determine the subsequent architectural arrangement Before ex- 
plaining how this comes to pass, we must record our observations on 
calcification of the cartilage in rickets since they supply the clues to the 
subject 

Observations on the calcium deposits avhich occui sporadically and 
during the course of healing in the intei mediate zone Since calcifica- 
tion IS selective, it follows that it must be determmed by two conditions, 
one general, the other local The general condition is represented by 
some chemical equilibrium which we have symbolized by the S P , for 
calcium phosphate in the blood The local conditions determimng cal- 
cification are unknown Robison®^ has proposed phosphatase which the 
cartilage cells are supposed to elaborate Shear*^ has suggested, as another 
possibility, a slight shift in the pH to the alkaline side at the calcificaaon 
site If the S P IS high enough, calcification will occur in bone and 
cartilage, even if the local conditions are not especially favorable If 
tlie S P IS sufficiently lov% calcification will not occur anj'Avhere, irre- 
spective of the local state If the S P is at certain intermediate values, 
calcification will take place only if the local conditions are m some way 
peculiarly favorable It is possible to postulate, therefore, that the neces- 
sary local factors are present whenever lime salts deposit selecuvely, 
also, that the sites of deposition are anthin the diffusion range of the 
lymph, since the lymph is the only source of the necessary matenal 
have obtained informanon on the subject of calcification from 


Personal communication 




532 


HIE BULLETIN 


the cxaniin.ition of clcaicd specimens of rachitic bones in which the 
deposits of lime salts stained with alizaiin show with clearness in the 
tiaiispaient medium of the caitilagc 

Bcfoie pioceeding to the lesults of oui studies, honever, it is neces- 
siiy to point out that lime salts deposit in two diffeient kinds of tissue 
in the lachitic intci mediate zone, namely, in the chondro-ostcoid trahe- 
cuhe and in the piolifeiative cartilage In cleaied specimens one cm 
easily distinguish the tiabcculai deposits fiom those which have occuircd 
in the caitilagc When deposition takes place in the chondio-ostcoid 
tiabcculae, the pattern seen is coaisc and plainly that of trabeculae, 
whcicas xvhen the deposits occui m the piolifeiative caitilagc, the pat- 
tern is fine and icgulai, evidently that of the matiiv fiamework It is 
inteicsting that m some cases calci/ication of the chondio-ostcoid tiahc- 
culac jiicccdcs calcification of the caitilagc It is common, hovcver, to 
find calcification occuiiing focally at the same time in both tissues Out 
picscnt observations aic limited to the study of lime salt depositions in 
the caitilage 

iVlullei “ first called attention to the fact that, when iickcts healed, 
calcification took place in a stiatum of the piolifeiative cartilage which 
was situated at some distance fiom the end of the shaft The lime salts 
skipped the cartilage adjacent to the end of the shaft and chose cartilage 
at some distance beyond iMullci" fuithci lecogmzcd that the stiatuni 
selected coiicsjiondcd in its situation to the so-called piovisional zone 
of calcification, i c , the /one m xvhich deposition would have oc- 
cui led if iickcts had never supervened He ilso commented that the 
caitilage chosen must be chemically diffeient fiom the rest AVhen 
w'c examine cleared specimens of lachitic bones, especially if trcit- 
ment was commenced a few xveeks before death, we often find the 
sti ituin of lime salt deposition described by Muller (Fig lo, a) It is 
ilw lys separated from the end of the shaft by transparent cartilage, 
the thickness of which vanes xvith the length of the rntermcdnte zone 
AA e find that it represents, relatively speaking, a smooth surface on the 
upper side but an iiiegulu surface on the lower (shaft side) Obviously, 
on the upper side there is a smooth limiting surface of some kind AA^c 
observe, also, that the stiatum of lime salts extends higher and is hence 
thicker at the extreme periphery than elsewhere and also that it does 
not reach the pcrichondrial membrane but is separated from the latter 
by a layer of transparent cartilage The surface which it presents toward 
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Fig 10 — Dngnmnntic clra’wings in single plnnes, showing reHtionslups 
of lirac snlt depositions in cleared specimens 

a Stratum of lime salt depo'^ition in substance of proliferati%e cartilage The distribu 
tion IS zonal 

b Deposit's of lime salts m zonal arrangement In realitj the stratum of lime salt 
deposition is full of defects e areas caused the inhibitorv influences of the blood 
Nesscls The circular drawing to the right showing the stratum on end makes clear 
wh\ the deposit «ccms fragincntari m single plane preparation^ 

c A lime salt deposit paralleling penchondrial membrane 

d Lime s^lt deposits between \ascular bushes growing out of the end of the ^haft 

t Lime salt deposits between \ascular bushts growing out of the end of the shait and 
the descending branches from the cartilage canals 

f A lime silt deposit between descending branches of cartilage canals and one between 
descending branch of cartilage canal and pcnchondnal membrane 

(7 and h Dome formation o\cr Na«cular bu hes partial and complete 


1 or T (.oinplclc umkrstandui': of the dra^vmgs the reader must consult 
tlic tc\t 
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the perichondrial membrane is smooth and parallel to the latter Such 
strata of hme salt deposits in the substance of the cartilage are rarely 
complete, and are only so when the rickets is comparatively early and 
invasion has not developed to any extent If the invasion from the shaft 
has reached the point at which the blood vessels come close to, or extend 
into or actually pass through the stratum, we find that the latter is defec- 
tive and that the defecuxm areas are circular and correspond to the 
locaoon of the vessels In other words, where the vessels ascend from the 
shaft, hme salt deposition has not taken place, but it has taken place 
betu^een When under such circumstances we examine the stratum of 
hme salt deposition from above, we find that it is filled xvith crater-hke 
holes (Fig lo, b) and that m the hole or just below or protruding 
above are bushes of blood vessels The same conditions hold true in 
case of the descending branches from the cartilage canals Where the 
latter approach the stratum of lime salt deposits from above or actually 
pass through, circular apertures exist When the stratum shows this 
perforate condition in the cleared specimens, the deposits appear m the 
histological sections as fragments which, however, are m line with each 
other in a zonal curve 

Calcium deposits may also form parallel to the perichondrial mem- 
brane (Fig 10, c) In that case they do not touch the perichondrial 
membrane but are separated from it by a clear layer of cartilage cells 
The surface which presents toward the perichondrium is smooth Obvi- 
ously, there must be some smooth surface of limitation on the perichon- 
drial side which prevents the spread of calcification in that direction 
We have observed m the case of the puppy having rickets that the 
pattern of the deposits corresponded to the pattern of the vascular 
network of the perichondrium, but we were unable to determine the 
exact relationships 

Depositions of lime salts in the cartilage also occur in definite rela- 
tionship to the blood vessels growing into it from the end of the shaft, 
the perichondrium or the cartilage canals The favorite situation is 
between blood vessels (Fig lo, d) Thus, it is common to find de- 
posits between vascular bushes emerging from the end of the shaft or 
between a vascular bush and perichondrial vessels If cartilage canals 
play an important part m the mvasion, one may find them lying be- 
tween a vascular bush growing out of the end of the shaft and a descend- 
ing branch of a cartilage canal (Fig lo, e) Occasionally one finds 
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them between two descending branches of cartilage canals or between 
the latter and perichondrial vessels (Fig lo, f) When lime salt deposits 
occur m relationship to the blood vessels growmg into the cartilage, they 
are separated from the latter by a zone of clear cartilage Moreover, if 
the vascular bush presents an even rounded contour, the surface of the 
lime salt deposit facing the bush is correspondingly concave and smooth, 
paralleling the surface of the bush Most commonly the deposits of lime 
salts he opposite the middle level of the bushes Quite often, however, 
they are continuous with the shaft In that case, the appearance is that of 
promontories or pillars of calcified material rising out of the top of the 
shaft between the vascular bushes (Fig lo, d) If lime salt deposits exist 
between the vascular bushes and the perichondrial membranes, it is quite 
common for them at one point or another to )om lime salt deposits m the 
perichondrial membrane by means of an arm or arms In that event it can 
sometimes be demonstrated that vessels extend from the perichondrium 
into the substance of the cartilage above and below the extending arm, 
separated by clear cartilage Occasionally we encounter lime salt deposits 
lying off an isolated vascular bush (Fig lo, g) Thus, two vascular 
bushes are not essential for the production of lime salt deposits in the car- 
tilage Moreover, we have found instances in which the lime salt deposits, 
thick at the sides of the bush, extended as if to surmount the entire bush 
Hov ever, as the summit was approached, the lime salt deposition became 
thinner and over the top stopped altogether (Fig lo, h) In one instance, 
we have found lime salt deposits, which were thick between bushes, 
extending completely over the summits, forming domes However, the 
tops of the domes were much thinner than the rest and in some instances 
were incomplete In this mstance and in other instances m which domes 
had started to form, the proliferative cartilage was relatively short (fe- 
mur) The impression was obtained that the uppermost lime salt deposits 
were close to or actually m the top of the zone of large cartilage cells 
where zonal deposition of lime salts occurs, m other words, that the cal- 
cification might be a combination of perivascular and zonal deposits We 
ha\e not seen any mdication of dome formation over the vascular 
bushes w hen the proliferative cartilage was exceedingly deep, as in the 
case of the ribs 

It IS difficult to think of a smgle hypothesis which explains the loca- 
tion of these focal deposinons of lime salts in the rachme intermediate 
zone One factor is certain, namely, the lymph, for the only source of 



536 


THE BULLETIN 


lime salts is the lymph, as already stated A^^hen deposits he beniTen 
vascular bushes, the source of the lymph must be from the bushes them- 
selves When the lime salts deposit in stratum formation across the carti- 
lage, the source of the lymph is presumably from the end of the shaft 
At least, in a single experiment reported by Schmorl and Lossen-® lime 
salt deposition occurred in stratum formation m the cartilage above the 
points M^here circulation m the shaft had been preserved but failed to 
occur above the points where it had been blocked by dead tissue An- 
other factor may be continuity We have gained the impression that 
lime salt deposition occurring at a given focus may extend from that 
focus by continuity One reason for thinkmg this is that lime salt deposi- 
tion, when rickets heals, often tends to extend in processes which become 
more tenuous until they stop altogether Formerly, we explamed stratum 
formation on the hypothesis of ageing of the cartilage cells We thought 
that, when the cartilage cell developed to a certain maturity, it generated 
the local factors necessary for lime salt deposition but, if deposition 
did not ensue, they were lost It is impossible, however, to explain the 
sheets of lime salt deposit which parallel the perichondrial membrane 
or the deposits which form around the vascular bushes on the ground 
of ageing of the cartilage cell The formation of these deposits must 
depend on circulatory conditions The tendency for calcification to take 
place in the cartilage intervening between blood vessels suggests that a 
predisposing factor may be lymph stasis We are inclined to think that 
the deposition around blood vessels is determined by the diffusion of the 
lymph If the lymph flow is sufficiently brisk, so that some essential fac- 
tors, such as oxygen tension, are mamtamed, lime salt deposmon is mhi- 
bited, 1 e , phosphatase is destroyed or the pH optimal for the selecuve 
deposition of lime salts, is prevented from developing If, however, the 
lymph flow is sufficiently diminished, the conditions favorable for lime 
salt deposition become fulfilled In order to explain the absence of the 
formation of lime salts above the vascular bushes growing out of the end 
of the shaft, or below the descending branches of the caralage canals, 
according to this hypothesis, it is necessary to think that the diffusion of 
lymph takes place much more readily along the vertical lines of the 
cartilage, i e , up and down in the direction of its columns of cells and of 
the matrix framework than across them It is possible that the same neces- 
sary local conditions may be caused to develop in two totally different 
ways It seems difficult to explain the zonal distribution of lime salts 
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on circulatory grounds alone If, however, further studies should prove 
that anatomical conditions favored lymph stasis in the stratum of carti- 
lage immediately underlymg the generating zones, the single hypothesis 
of variations in the lymph flow would suffice In any case, the obsen’^a- 
tions that lime salt deposits tend to develop m the cartilage at the sides 
of and especially between blood vessels and tend to avoid the path- 
ways of vertical growth is of great practical importance, because it 
offers an explanation for the vanations in calcification at the cartilage- 
shaft junction in rickets Under the conditions of rickets the cartilage 
in front of the dilated blood vessels is prevented from developing its 
selective power to take lime salts out of the blood We believe, there- 
fore, that the generally accepted hypothesis of SchmorP to explain the 
irregular invasion which occurs m rickets is wrong The mere fact that 
lime salt deposition fails in the pathways of the descending branches of 
the cartilage canals is by itself sufficient to destroy Schmorl’s® hypothesis, 
because the descending branches come from widely separated fixed 
points and occupy fixed lines in the cartilage and have no abihty to 
conform in their growth to pre-existing holes in the zone of calcifica- 
tion SchmorP put the cart before the horse 

Our observations of the relationship of the lime salt deposits to the 
vascular bushes, which represent large vascular complexes, are perfectly 
clear No doubt whatsoever exists that the large vessels mhibit the depo- 
sition of lime salts from occurring along their paths of growth When 
the invading units are of very small size, the cleared specimen technique 
IS too coarse to reveal relationships We believe, however, that the prin- 
ciple that the blood vessels under the conditions of rickets inhibit lime 
salt deposition in their pathways is the cause of the irregular deposiuon 
of lime salts at the cartilage-shaft junction from the very beg inni ng The 
minute defects m calcification are to be referred to minute variations 
in the circulation in the shaft immediately beneath As the variations in 
the circulation at the end of the shaft become greater, the correspondmg 
defects in calcification become greater, until the phenomenon becomes 
so well defined as to be obvious in the cleared preparation 

^Ve should like to add in conclusion that the relauonships bettveen 
hme salt depositions in the cartilage and the circulation are not apparent 
in the single plane of histological preparauons Visualizanon in three 
dimensions is essential 

How viechanical forces actually detennme the architectural arrange- 
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ment of the mtei mediate zone The epiphyseal cartilage, transmitting its 
superimposed weight, rests on the trabecular framework Not all the tra- 
beculae function equally as supporting piers Some groups act as main 
supports, others minor or secondary supports These latter, presumably, 
are destined soon to be removed The compression of the cartilage is 
greatest, naturally over the parts of the trabecular framework \vhich 
function as major supports The vessels penetrate the cartilage where it 
IS least compressed or not compressed at all It follows that they enter 
between the major points of support It is a noteworthy and most 
important fact that, as just explained, when lime salts fall, they avoid the 
cartilage in front of the vessels and choose the cartilage of the sides, 
1 e , m front of the main supporting piers Because the matrix framework 
of the cartilage in front of the supporting piers has been compressed, 
the lime salt deposits are of an extremely dense character The parts of 
the proliferative cartilage which remain untouched by the invading 
vessels and hence persist as penmsulae are those which have been pro- 
tected by the compression barriers It, therefore, comes to pass that 
the supporting piers, the deposits of lime salts and the pemnsulae of 
proliferative cartilage are in line Muth each other The architectural 
arrangement, then, which develops as the disease extends, is this The 
weight-bearmg complexes comprising trabecular piers, calcified matra 
formations, and pemnsulae of proliferative cartilage alternate with the 
invasion complexes of superfluous parts of the trabecular framework, 
vascular bushes wath their cellular components and the hme salt free 
areas Since the weight-bearmg lines in the bones pass through the 
pemnsulae, it is small wonder that these masses of cartilage m particular 
show the effects of pressure (Fig 1 1 ) 

The ai chitectiii al airangement tn chionic rickets In chronic rickets 
hme salts keep depositing but only in certam places The areas free from 
lime salt deposition he at the mvasion sites The deposits are situated 
between them They seem particularly dense The extreme density is 
due to two factors, first compression and second, slow growth Compres- 
sion, by flattening the lacunae, collapses the framework, so that, v'hen 
It becomes permeated with hme salts, the deposition is condensed Slow" 
growth, which is certainly very common in, if not a regular feature of, 
chronic rickets, results in an extension of the calcification mto the cross 
and minor longitudinal partitions Granted that in rickets a modicum of 
hme salt deposition continues, the alternation of lime salt free invasion 
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Fig 11 — Photomicrograph (low power \iew) from a microscopic section 
of the upper end of the tibia of a rat 

the picture shows beautifulh the effect of pressure on a peninsula of 
proliferate e cartilage extending from the main mass towards the shaft 
In some instances compression ma\ be so great tint a peninsula is actu- 
alh bent back on itself The picture also shows beautifulh the chondro- 
osteoid trabeculae (T) These soft trabeculae base probable been com- 
pressed and bent to the same extent as the peninsula of proliferatn e 
cartilage But there is no means of knowing what their original archi- 
tectural arrangement was At the tip end of the peninsula a frag- 
mentare deposit of lime salts is present The peninsulae of proliferate e 
cartilage almost alwa\s show such deposits at their tips 


areas and intervening heavy deposits of lime salts in deformed and com- 
pressed cartilaginous matrix framework is exactly what would be antici- 
pated from the pnnciples laid down m the foregoing discussions 
(Fig 12) 

Does the defective deposition of lime salts explain all the pathological 
changes^ SchmorP held that ever)^ pathological change in the cartilage 
and bone was due to lack of lime salt deposits, and Dodds and Cameron® 
ha\ e championed this view The argument is as follows The lime salts, 
while attacking the proliferative cartilage, keep the capillaries confined 
in metallic tubes and force them to limit their acuvities to the smgle 
columns or fascicular groups lying ahead of them When lime salts cease 
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Fig 12 — PliotoniKiogi iph (high powei Me\\ ) from i microscopic sec- 
1 tion of tlie uppei end of the tibia of a nt 

llie rickets li is assumed a chronic form Hie ciiciilation Mas iniected 
<it tlie time of death Mitli india ink It Mill be obser\ed that iniasion 
areas ilternate Mith aieas of dense lime salt deposit The dense lime 
s lit deposits lie in greath deformed and crushed formations of matrix 
fiinuMork 1 he icisons foi this Mill be found in the text 


to deposit, the capillaries destroy the matrix walls as well as the lacunae 
and, therefore, no longer remain confined Their liberation allows free- 
dom of growth, so that individual vessels reach great size, and causes 
the substitution of the en masse for the normal invasion Eli masse inva- 
sion IS inefficient, since it involves destruction of the uncalcified matrix 
framework together with the cells and the framev'^ork offers more 
resistance than the cell partitions alone 

Undoubtedly the failure m lime salt deposition explains the changes 
V Inch transpire in the shaft, the irregularity of the invasion of the carn- 
lage, the large size of the invading vessels and the eii masse invasion 
But does It explain the increased resistance of the 'cartilage^ When one 
invesagates, m order to learn if the uncalcified matrix framework is 
serving as an obstacle, one occasionally finds a capillary traversing it 
as if by preference However, in the main, even in severe rickets, the 
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invasion paths seem to be preferentially along the cells Matrix substance, 
tvhen calcified, obviously constitutes an obstacle, for it is common to 
find a spicule projecting and holding back a capillary which has already 
caused the cartilage on either side to give way In the en viasse invasion 
we do not find such exposed ends of uncalcified matrix framework pro- 
truding along the invasion surface On the contrary, the framework 
seems to be destroyed with the cells and in occasional places even in 
advance of them The framework, when uncalcified, offers little greater 
resistance than the cell capsules But there is a reason for thinking that 
It does offer a little greater resistance, since the more massive parts of it 
tend to survive the attack of the vessels The increased resistance of the 
cartilage may, therefore, be explicable on the “mechamcal” hypothesis 
There are some reasons, however, for attributing the increased resis- 
tance, in part at least, to altered chemical condmons which prevent the 
matrix substance when in contact with the capillary from undergoing 
normal solution For example, if the “mechanical” theory were the 
entire explanation, we should expect that the vessels would pass more 
easily where calcification exists than where it is defective But the 
vessels pass through the defective areas We are under the impression 
that, following treatment with vitamin D, the advance of the vessels is 
accelerated through those parts of the cartilage which previously had 
happened to become calcified as well as through the completely uncal- 
cified portions The peculiar slow degenerative changes and such phe- 
nomena as the “rejuvenation of the cartilage cells,” described by Dodds 
and Cameron®, seem more easily explicable on the hypothesis of a chem- 
ical disturbance than on a solely mechamcal one 

When hme salts deposit in healing rickets, the defect in the blood 
has already been rectified The two phenomena, the restoration of a 
normal calcium-phosphorus equilibrium in the blood and hme salt 
deposition in the bone and cartilage, are indissolubly united in a cause 
and effect relationship If one could produce calcification without alter- 
ing the rachitic condition in the blood, in other vords, if one could 
dissociate the t\\ o conditions, the determination which m as the essential 
factor would be most simple It is necessary’- to conclude that the mechan- 
ical hypothesis is capable of explaining the increased resistance of the 
cartilage and that the circumstantial evidence in fa\ or of the chemical 
hypotlicsis IS IS vet too slight to establish its \ ahdiry’- 
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THE THERAPEUTIC USE OF VITAMIN C' 

Gilbert Dalldorf 



[?,5SSSSZ5ZSE5H.‘3he therapeutic use of vitamin C means to me the treatment 
of scurvy for I knov of no important uses of the \ itamin 
other than the prevention of what are scorbutic manifes- 
tations The relationship betv een the vitamin and scur\ y 
Q’ESBHHHBKSHsS IS e\tremely intimate The presence of the vitamin in the 
body tissues is simply the antithesis of scurvy The action appears to be 
direct and certain phenomena of scurvy have even been obsen’^ed vi vitro 
In the past, scurvy was studied when it was prevalent, but our current 
interest in it is not due to its prevalence but to the stimulating w'ork of the 
chemists in recognizing and identifying vitamin C This has improi ed our 
methods of studying scurvy and influenced our conception of it All of 
these things may best be reviewed by a bnef chronological resume of the 
past n\ elve years If my review is too personal a record of events in v Inch 
I have played a wholly unimportant part, please forgive me An army of 
workers has tramped these roads and only a few have become familiar to 
me Moreover I have seen all of the developments in the light of m\ own 
experience 

Our knoM ledge of scurvy vas considerable before vitamins were 
discovered Indeed scuny was the first deficiency disease to be recog- 
nized as such This happened one hundred and fifty years ago It was 
experimentally produced and studied thirty-two years ago and was at 
that time the best understood of all the deficiency diseases 

So matters stood a dozen years ago At that time M^olbach and How e* 
published their beautiful anatomical studies of the experimental disease 
and shortly afterward a large, steady supply of scorbutic guinea pigs 
became a\ ailable to me from the biochemical laboratories of Teachers 
College There, as in many another laboratory, various foods were being 
assayed for vitamin content by feeding experiments In the case of vita- 
min C the Sherman-LaiMer technique was almost universally used This 
consisted of feeding young pigs graded amounts of the vitamin during a 
test period of three months and diagnosing the effect by a gross examina- 
tion of the animals Fragility of the jaw, painful extremities, hemorrhages 


*Read Februarj 2, 1939 at the Stated Meeting of The New York Academi of Medicine 
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in the muscles and the weight cun'-e were the criteria used It is interesang 
to recall that all of the important ad\ ances in the art of canning, so far 
as they relate to vitamin C, were gained through countless laborious 
experiments of this kind Patient assistants went from cage to cage and 
tier to tier pipetting measured amounts of food stuffs into the mouths of 
reluctant guinea pigs 

Even at that time the most active searcher for the vitamin, Sylvester 
Soloman Zilva,' had obsen'^ed that fresh fruit juices bleach indo- 
phenol Only an unfortunate error, based largely on the wish to be as 
precise as possible, prevented him from recognizing that the reducing 
power of fruit juices, as measured by indophenol titrations, is due to 
vitarmn C However, the feeling seemed general m most laboratories 
that vitamin C would never be isolated because of its instability Zdva’s 
courage in undertaking a most unpromising line of research was widely 
acknowledged 

Zilva’s observation of the indophenol reaction led to a chain of events 
which resulted in the isolation of vitamin C In Frankfurt, Tillmans and 
Hirsch^ adopted the indophenol method as a means of controlling the 
quality of fruit juices being sold in their city, a matter in which the civil 
authorities were interested They discovered that only fresh juices gave 
the reacuon Zilva described, not stale juice nor artificial juice TiUmans 
suspected the significance of these results at once Zilva had observed that 
when decitrated lemon juice was first oxidized with indophenol it re- 
mained potent, but that on standmg it lost its antiscorbutic effect He 
thought that the indicator v^as decolorized by a substance closely asso- 
ciated with the vitamin which tended to prevent its oxidation Tillmans 
suggested the correct explanation, namely, that the oxidation was revers- 
ible and that the first stage of oxidation left the vitamin more prone to 
further oxidation than when in its original, reduced form 

Szent-Gyorgyff had, the year following Zilva’s study of the indo- 
phenol reaction, isolated a reducing substance from adrenal cortex and 
suggested its identity with the reducing substance descnbed by Zilva in 
lemon juice ■\^’■lthln a few years the many similarities and the distribution 
of these substances became clear and Szent-Gyorgyi and associates in 
Cambridge and A'N'augh and King^ in this country completed the chemi- 
cal studies leading to our present knov ledge of the vitamin Thus oc- 
curred u hat u e may consider to be the important contribuaon of our 
time to the story of scunw 
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During these years I Mas examining the tissues of guinea pigs and 
learning to recognize the scorbutic process The material immediately 
suggested a rather interesting line of thought, for since the animals m ere 
as uniform as possible to begin with and all had been on the experimental 
diets for an equal number of weeks, they Avere naturally most suited to a 
study of the effect of various degrees of deficiency This I endea\ ored to 
do and quickly discovered that I was able to recognize distinct anatomical 
effects of deficiencies which were never recognized clinically, even by 
individuals vuth long experience with the experimental disease In other 
words, amounts of vitamin believed to be adequate foi guinea pigs actu- 
ally resulted in microscopic changes characteristic of scuny The amount 
of vitamin believed to be adequate for the prevention of scuny had to 
be doubled to prevent certain skeletal lesions From Sweden, Axel 
Ho)er,° at about this time, called attention to the sensitivity of the lesions 
m the teeth and demonstrated how they might be used m improving the 
biological assay methods and in shortening the test period Because few 
biological chemists M^ere prepared to make histological examinations, 
Celia Zall and F developed a method whereby the rate of growth of the 
incisors of the animals could be measured and the growth rate used as a 
criterion of the degree of protection against scurvy This proved still 
more sensitive to the effects of subchmcal scurvy and shon^ed that ap- 
proximately three times the accepted protective amount M'^as necessary 
to give maximum groivth 

All of these methods \vere rendered obsolete before anything further 
was done vath them by the chemical studies already mentioned and the 
wide adoption of the indophenol method for assaying vitamin C sources, 
a method vhich accomplishes in several minutes M'^hat previously had 
required three months But to me the experience had served as a veia’^ 
impressive demonstration of the wide difference between clinical freedom 
from scun^y and optimal vitamin C nutrition Many others reached the 
same position from different roads so that the growth of this idea oc- 
curred 1 ery quickly 

Our immediate impulse \vas to test the theory in man, and in many 
postmortem examinations since then 1 have searched for manifestations 
of scun*y It was therefore not surprising to me when several years ago 
Park® reported a surprisingly high incidence of both radiographic and 
anatomic evidence of scun^y in 125 children studied thoroughly mth 
scuny and rickets in mind Scurvy may be found, both clinically an 
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anatomically, if the search be thorough— evidence, no doubt, that many 
of our people still live on the borderline of vitamin C deficiency But the 
search went on for clmical criteria of this mdd form of scurvy The 
progress of these studies in the years immediately preceding the discovery 
of the vitamin was based on studies of the capillaries The capillary re- 
sistance test was first tned on scorbutic guinea pigs and later applied to 
apparently healthy individuals This showed that the incidence of capil- 
lary fragility was surprisingly high, approximately 30 per cent among 
certain groups 

The capillary test, especially as performed with a tourniquet, is of 
course familiar to all of you Hess,® years before my own experience, had 
used It to advantage in studying what he called latent scuny and more 
than a generation earlier rather similar observations were made by 
Auspitz^® while cupping patients 

Everyone who has used the test has learned to regret its variability and 
inconstancy and to deprecate its diagnostic value Hess, however, found 
It distinctly positive in most cases of scurvy and we believed the average 
value in large groups of individuals might be stdl more rehable Thus we 
hoped to learn about the adequacy of the vitamin C intake of different 
economic groups It was also evident that capillary fragility was diag- 
nostic if a prompt response follo\t ed specific therapy Furthermore it was 
generally agreed and had been the experience of many generations of 
medical men that the hemorrhagic diathesis was the most characteristic 
manifestation of scurvy AVe might expect capillar)^ changes to be the 
first and most delicate manifestation of scurvy, so there existed some 
tantalizing reasons for treating the capillary test seriously At any rate, 
many studies were made with it which showed a large part of the general 
population to have fragile capillaries with a rough agreement between 
vitamin C intake and the level of the resistance In my own laboratories 
these results were supported by feeding expenments m which extracts of 
human tissues from the postmortem room were assayed biologically and 
vitamin deficiency demonstrated to be common in this way 

But soon the chemical methods were introduced and displaced the 
capillan^ test Interestingly enough, they have also show n approximately 
the same incidence of partial stan^ation of vitamin C as the capillan’- tests 
did but the proponents of one test seldom find indu idual agreement be- 
tween the tvo techniques 

The V cakness of the chemical method has been that it does not of 
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Table I 

CHEiMICAL AND CLINICAL lESlS FOR SCURYT 



Fasting Blood 
(Mgs ■percent) 

Capillarg 
Resistance 
(Cm Hg 
neg pressure) 

Unnarg 
Excretion 
following a 
test dose (Mgs ) 

Normals 

0 80 

45 

44 0 

Subclinical Scur\j 

0 36 

29 

24 0 

Se\ere Scu^^^ 

0 064 

5 

20 

Peptic Ulcer Mith Hemorrhage 

0 33 

11 

80 

Nonscorbutic Hemorrhagic Diseases 

127 

22 

58 0 


(R itii the exception of the case of se\ ere seur\ \ the % alues 
are gi\en as the a\erages for small groups of patients) 


Itself demonstrate at what level of saturation or blood concentration of 
vitamin, deleterious effects occur There have, it is true, been a few 
obsen^ations of associated gingivitis, but little of much weight Most of 
these studies have been made by biological chemists with^poor facilities 
for clinical observation 

Sloan and 1“ studied cases of manifest scurvy, mild or doubtful 
scurvy and normal individuals by all of the suggested methods including 
the capillary test It was found that the fasting blood level, of all the 
single, simple procedures, furnishes the best evidence of vitamin C nutri- 
tion Only the blood curve following a test dose is more precise The 
total urinary excretion during twenty-four hours is frequently mislead- 
ing although the excretion curve during the six hours following a test 
dose and even the total excreted vitamin during that period are fairly 
reliable It was also found that the capillary test was as a rule positive in 
those individuals showing partial saturation I have summarized the 
results from what we considered the best tests in Table I 

In general they conform with the experience of others Several things 
may be learned from them The fasting blood level clearly mirrors the 
condition of these individuals and nicely distinguishes between the frank 
scorbutic, the subchmcal scorbutic and the normal The capillary resist- 
ance test does likewise but is misleading in turn groups In the cases with 
ulcer, two-thirds of the patients gave false negative results, presumably 
because they were so exsanguinated that their superficial vessels were 
empty of blood, and rupture, if it did occur, could not be recognized 
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The nonscorbutic group of hemorrhagic diseases, including a case of 
thrombocytopenic purpura, gave false positive results In the first group, 
once relief was afforded the anemia, more revealing capillary tests were 
secured and these improved under vitamin treatment In the second group 
no change followed treatment 

The table seems to me to serve two purposes In the first place, the 
definite association of capillary fragility with degrees of unsaturation 
believed to be abnormal, constitutes definite objective evidence that the 
condition of subclimcal scurvy has at least one morbid manifestation 
This can be correlated with the observations already mentioned to con- 
stitute a continuous chain of evidence indicating that such degrees of 
deficiency are actually degrees of scurvy and not within the normal 
range But much more will be required to be certain of this most funda- 
mental point The second use of the table is that it illustrates the methods 
by which vitamin C absorption, storage and excretion may be studied 
Nutrition is properly a major concern of our public health sennces 
But there is a field of pathological deficiency m nutrition which is wholly 
within the practice of clinical medicine Thus you may recall in the first 
of my tables the low blood concentration of vitamin C and the low uri- 
nary excretion of a small group of cases of peptic ulcer complicated by 
massive hemorrhages Table II contains other information on one of these 
patients You will note that coincidental with saturation, the bleeding 
stopped We have seen various cases of this kind and most of these proved 
to be deficient m vitamin C This is representative of the applications we 
can make of our newly acquired knowledge 

There are \ arious other similar conditions Almost all of these seem 
related to known facts concerning scuny For example, the healing of 
surgical v ounds may be hindered by vitamin C depletion There is no 
doubt tint this does occur experimentally The issue at present is solely 
whether a sufficient degree of deficiency occurs in our surgical clinics to 
prevent union Several writers ha\ e found cases w hich suggest this The 
product of fibroblasts, collagen, does not form in the absence of vitamin 
C either in vivo or in viti o Therefore any condition in xvhich defective 
scar tissue occurs might w ell be held suspect, just as idiopathic hemor- 
rlngc should suggest scuny The laboratorj’ can supply eiidence of 
\ alue, as I ln\ c show n, and the therapeutic test is usually conclusn e 
^nnous such peculiar manifestations of scuny are secondarj^ in 
n iturc Thus the ulcer patient may be presumed to hare fauly absorption 
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Tabi.e II 

USE OF VITVMIN C IN A CASE OF PEPTIC ULCER 
WITH HEMORRHAGE 


Bay 

*Urinarti Otitput m 
Vita will C 


Blood 

vitamin 

Oxf/" %) 

Blood 

in stool 

Blood 

m 6 hr‘1 
(mgi ) 

tn 24 lirs 
(mqi ) 

Hq b 
(%) 

RBC 

(mil) 

1 






32 

0 97 

2 


\ 




33 

24 

5 


\ 




52 


13 






53 

30 

22 

IS (4%) 

11 

1000 





23 

30 (6%) 

54- 

500 





21 

52 (10%) 

65 

500 


1-P 



25 

134 (27%) 

125 

500 

0 50 


65 

38 

26 

210 (40%) 

156 

500 





27 

201 (40%) 

202 

500 





28 

238 (48%) 

225 

500 

1 05 

2-f 

69 

40 

31-35 



oral 

i 

— 



75 

698 (70%) 

702 

1000 

1 10 

— 



92 



oral 

0 95 

— 



115 



oral 

1 07 

— 




(llie lower \ ilueb of excreted \itimin C in the twent\-four hour 
period represent losses incident il to storage oiernight) 


although some are probably depleted by too restricted diets The pres- 
ence of a serious disease in no \vay minimizes the requirement, the insis- 
tent requirement, for the vitamins Thus infectious diseases increase the 
requirements Factors such as acuvity and physical exernon are impor- 
tant This IS by no means a new observation The old sailing captains 
complained that their best, most energetic seamen were the first to be 
incapacitated by the scurvy, the loafers suffered last 

These are but a few of the possibilities which must be explored m 
explaining the unexpected cases of vitamin C deficiency The rule ve 
have followed has been to suspect deficiency in all cases of hemorrhage 
and musculo-skeletal m eakness All such patients are tested A number 


* t rinar\ output expressed in mgs and percentage of intake 
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are found who seem to be truly depleted and who benefit from specific 
treatment 

Finally, a few words concerning treatment The vitamin may be 
given in the crystalline form, as tablets, or intravenously It may be given 
in food There are occasions when each method has advantages The 
severe scorbutic desen'^es large doses of the pure substance as well as a 
model diet This is true because severe scurvy is a dangerous condition, 
the depletion is severe and the equivalent of two or three liters of orange 
juice may be given in a single lo cc dose of crystalline vitamin C Simi- 
larly the patient with severe hemorrhage should be given one or two 
large doses A large dose is 500 or 1000 mgs We have used 1000 mgs as 
a rule but I believe that 500 mgs is probably sufficient Indeed it may be 
that 100 mgs will accomplish as much, I do not know Since the vitamm 
IS nontoxic we have mchned to give large doses We have never seen a 
reaction to such dosage Our practice is to give a gram or a half gram 
daily 

In the mild scorbutic the vitamin is administered parenterally, if 
the case suggests faulty absorption or abnormal requirements, and as 
part of the therapeutic trial, always an illuminating matter The treat- 
ment otherwise is dietary The prescription of vitamin tablets would 
seem to have a very limited usefulness 

The use of vitamm C in pills containing all of the known vita- 
mins and as a prolonged substitute for a correct diet appears to be 
a serious mistake In the first place the stability of the vitamin in 
natural sources is infinitely greater than in the pure form Twenty-five 
years ago Funk remarked on the stability of vitamin C in lemon juice 
where it withstands heating to 1 10 degrees Buffers present in fruit juices 
are protective probably within the man as well as outside him In the 
second place, the natural sources contain other vitamins, minerals and 
probably many wholly unrecognized factors of advantage Thus several 
careful workers have demonstrated that supposedly pure but extracted 
vitamin C had attributes not present in the synthetic preparations \^'e 
have yet to recognize all of the vitamins if indeed we ever shall be able 
The shotgun vitamin pill is therefore not a substitute for a proper diet It is 
also unsound because those individuals able to afford such treatment 
usinlly do not need it while those ^\ho might be benefited are unable 
to buy It A dolhr will buy more vitamins in the market than in the 
druy store 
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THE USE OF TETANUS TOXOID 
IN PRIVATE PRACTICE' 

Robert P\ge Rogers 

T was a very logical step after the development and suc- 
cessful use of diphtheria to\oid to attempt similar work 
with tetanus to\oid Let us first review some of the im- 
portant steps by which this present knowledge has been 
reached We o\\ e a great deal of the progress to Ramon^ 
and his co-vmrkers at the Pasteur Institute Attempts were made by 
others even earlier Eissler and Loewenstein m 1915 used a formalized 
toxin with no success ^^alle and Bazy employed tovin treated with 
Gram’s iodine solution Two out of seven cases had some specific antitoxin 
created thereby Ramon/ • stimulated by his bnlhant work with diph- 
theria toxoid, prepared a formalized tetanus toxoid which he gave in three 
doses I cc , I 5 cc , and 2 cc at three week mten^als He obtamed an 
immunity in his series, measured by blood neutralizing tests, of from 
1,000 to 3,000 lethal doses, 1 e , one to three units One cc of blood will 
protect a guinea pig against 1,000 to 3,000 lethal doses A fact of very 
great significance which he discovered is that the acquired reacQvity per- 
sists, so that a later dose rapidly raises the titre 

In 1933 he^ reported thirteen cases which had received on an average 
of three injections in 1927-28 These titrauons were made m 1931-32, 
1 e , about four years after the immunizations One cc of serum protected 
against from 4 to 300 lethal doses, the average being around 60 or about 
1/20 unit Ramon^ further reported in 1937 nvo individuals, one immun- 
ized eight years before, the other nine years previously, possessing 1/200 
units titre, which he belie\ es sufficient for protecuon In eight days after 
the boosting dose one of these indnidual’s serum rose to more than one 
unit 

It IS noM^ a law in France that anutetanus immunization is to be gn en 
to all soldiers In 1936 oi cr 400,000 Mere vaccinated A boostmo- dose is 

O 

to be gi\ en e\ erv fi^ c years They are using the formalized preparauon 
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Reacoons have been very slight The immunity appears significantly 
after the second dose 

At this point, the work of these French scientists on the use of com- 
bined vaccination should be considered In testing the titre of horse serum 
in horses that he was immumzing, Ramon“ noted that the serum of some 
horses seemed to have a spontaneous increase in titre On closer examina- 
tion he found that these horses had abscesses or inflammation at the site of 
injection The use of some foreign material injected along with the im- 
munizing dose suggested itself He first tried tapioca and found that this 
raised the resulting titre considerably Then he tried associated vaccina- 
tions with similar results Sacquepee and Jude® found that in a small series 
one month after the third dose of combined diphtheria, typhoid and anti- 
tetanus injection, 98 per cent had more than 1/30 unit 

In this country Jones and Moss,” and Cooke® have written concerning 
the use of combined toxoids The routine procedure at the St Louis 
Children’s Hospital and Washington University Children’s Clinic is 
now’’ tw'o injections, tw'o months apart 

To return to a consideration of the plain tetanus toxoid, in this coun- 
try Lincoln and Greenw^ald® made obsenmtions on nineteen panents w’ho 
were given three doses of tetanus toxoid (formaldehyde) at weekly in- 
tervals They had no general reactions and only slight soreness locally 
One child developed no immunity, the others developed appreciable 
amounts Bergey and Etris^® demonstrated that the alum precipitated 
toxoid gave a level higher than one immunizing dose of 1,500 units of 
antitoxin Since then Sneath and Kerslake,” Jones and Moss,” Boyd,'- 
Hall,^® Gold^^ and others have confirmed this w'^ork of Bergey and Etns 
A comparison of the results obtained by different w^orkers is showm in 
Chart I 

Let us now'^ consolidate and evaluate this knowledge and determine 
to what conclusions it leads us First of all, what is the minimum proac- 
tive blood leveP From several sources we know'^ that after 1,500 units 
of antitoxin the blood level rises to between o i unit and 025 units w’lthin 
twenty-four hours to forty-eight hours and remains about that level 
gradually falling so that at the end of nvo weeks there is practically no 
protection Sneath^® show'^ed that wTen guinea pigs w'^ere injected wuth a 
mixture of tetanus spores and 50 per cent calcium chloride solution, un- 
immumzed gmnea pigs all died of tetanus wathin forty-eight to sevent^^- 
tw o hours, but that if these pigs had been immunized and their blood 
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Chabt I 

COMPARISON OF RESLLTS OBTAINED BA SEVERAL M ORKERS 

Formal Toxoid Alum Precipitated Toxoid 

Sneath Bergey 

Antitoxin Ramon and and and 


Units Zoeller Sacquepee Rail Kerslake RAM Ctris Gold Hall 

in (1033) (1933) (1937) (103i) College (1936) (1037) (1937) 


1 rc of Blood 

(fi) 

(b) 

(c) 

(d) 

(e) 

(f) 

(0) 

00 

0 01 


3 


3 





0 01 to 0 1 


107 

11 

6 

3 


1 


01 to 1 

Most cases 

126 

I 

20 

21 

U 

13 

12 

1 and o%er 

A few eases 

1 



6 

16 

4- 

1 


(t) Exact numbers not quoted 1st dose, I cc , 2nd dose, 30 da\s Inter, 1 5 cc , 3rd dose, 
10 to 15 da\s later, 1 5 cc , tested about 1 niontb later 

(b) 1st dose, 1 cc , 2nd dose, 20tb da\, 2 cc , 3rd dose, 30tb da\, 2 cc , tested about 6 
months later 

(c) 1st dose, 1 cc , 2nd dose, 6 weeks later, 1 cc , 3rd dose, 2 weeks later, 1 cc , tested 

6 w eeks after 3rd dose 

(d) Dosage and test as in (a) 

(e) 2 doses of 1 cc at internals of 6 to 7 weeks Tested about 1 month later 

(f) 2 doses of 1 cc of alum precipitated toxoid separated In an intenal of some months 
T ested 1 month after 2nd dose 

(g) 2 doses of 1 cc of alum precipitated toxoid at interials of 92 da^s Tested from 

7 to 15 da\s after 2nd dose 

(li) 2 doses of alum precipitated toxoid at an intenal of 0 weeks Tested about 6 weeks 
after 2nd dose 


Chaiit TI 


IN CHART II ARE SHOM N THE PROTECTIA E LE\ ELS REACHED IN 
FOLRTEEN PATIENTS AFTER ADMIMSl RATION OF TETANUS TOXOID 



AVJUVO 


Protcctnc lexcls reached in U patients (12 of whom are allergic indniduals) after two 
1 n do'-cs of ilum precipitated toxoid gnen two months apart, the cur\es are approxi- 
mate iiuniimit\ Clines for 3 cases 
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titre showed ooi unit or more, 87 per cent remained completely pro- 
tected and 1 3 per cent showed mild tetanus from which they reco\ ered 
A group of mice showing o i unit or more were completely protected 
against 1 00,000 spores It would seem then that o i unit is a safe minimum 
level to accept and is probably much larger than is necessary to protect 
against infection resulting from trivial wounds Whether this level is 
sufficient for protection against massive infection is not known 

What dose and what spacing of doses should be used to produce the 
minimum leveP It is generally conceded that the alum precipitated prep- 
aration should be used The reactions are few and very rarely general, 
usually local soreness with very little discomfort Two i cc doses given 
sixty to ninety days apart appear to give the highest titre Usually about 
se\ en to ten days after the second dose the titre has risen to over 0 i unit 
per cc e\ en if this second dose is given as long as two years after the 
first dose W'e. may say that very adequate immunity then develops cer- 
tainly by fourteen days after the second dose and in most cases by seven 
days 

Hov' long does the active immunity last at the minimum protective 
le\ el or above^ It varies considerably It has disappeared within ninety 
days after the second injection and has lasted as long as two years The 
basal immunity upon which a secondary stimulus may be had is probablv 
lifelong 

A crucial question is, whether the boosting dose given months or 
years later, after the level in the blood has fallen to well below the ac- 
cepted minimum protective level, will be effective In America there is 
now ample confirmation of Ramon’s work Hall,^^ from his studies in 
the Navy, concluded that no matter what interv^al was used in the basic 
courses or how^ low the level of antitoxin at the time of the final or sec- 
ondary'’ stimulus, the antitoxin titre rose in seven day^’s or less to highly 
effective levels In one w'eek after a boosting stimulus given one y^ear 
after the immunization, Jones and iMoss'^ found that all but one had a 
blood level comparable wnth that following the old prophydactic injec- 
tion These results are analogous to those published by Sneath and Kers- 
lake 

Cowdes’ ‘ at ale endeavored to find out just how' quickly bis boost- 
ing dose acts Tw elve men immunized one y'ear previously' and having 
titres ranging from 1/50 to 1/5 unit of antitoxin per cc received 0 5 cc 
of alum precipitated toxoid subcutaneously Six of these wdien tested on 
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the third day after the toxoid administration failed to show any significant 
increase in titre, of eight tested on the fourth day, four responded, of 
eight tested on the fifth day, all had 1/20 umt of anatoxin or more By 
the seventh day all had reached 1/2 unit or more with the excepaon of 
one man who had only 1/20 umt The duration of this higher immumty 
after a repeat dose is not known Gold^^ states that it may falTbelow i /lo 
unit in three to six months According to Sneath and Kerslake^^ a second- 
ary stimulus of plain toxoid seemed to produce a more lastmg immunity 
Further work must be done on this point 

Certain theoretical consideraaons should be menaoned It seems rea- 
sonable to believe that, given a certain immune level induced by acave 
immunization, this level would be raised by the stimulus of an acave 
infection A person whose immune mechamsm was set to combat tetanus 
by previous active immunization would show a rapid response to the 
production of toxin by the infecaon, just as that same person would 
show a rapid rise in immune level as the result of a boosang dose of toxoid 
This type of response would occur, we assume, provided that the infec- 
aon produced enough toxin to leave some toxin free and unneutralized 
by anabodies already exisang m the body Wolters and DehmeP® showed 
that gumea pigs can react this way They inserted mto immunized am- 
mals splinters infected with tetanus spores and found that these animals 
did not develop tetanus but did show appreciable elevation in protecave 
titre Wc can reason also somewhat by analogy from immune reacaons 
in individuals previously immunized agamst diphthena There is some 
evidence to show that the amount of toxin in a Schick test is sufficient to 
stimulate increased anabody producaon More work needs to be done 
to confirm this very important matter 

Conclusions 

^Ve may now ask hat facts are ell enough substantiated to rely 
on^ Hom far may we apply them^ 

It has been shown that two doses of i cc each of alum precipitated 
toxoid given nvo or three months apart or three doses of plain toxoid 
I cc , I 5 cc , 2 CC It three xi eek interx’^als x\ ill in sex en, at the outside 
fourteen, days after the last dose produce a blood lex^el as high or higher 
than 1 500 units of the old antitoxin A boosting dose gix’^en one to sex'- 
eral years Jater xvill bring this lex el back to a protecax-e lex-el and often 
far abox c in sex en days in almost ex er^- case tested The reacaons 
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to these toxoids are slight The alum precipitated toxoid is quite thermo- 
stable and therefore keeps well 

To be able to rely absolutely on immunization by toxoid the follow- 
ing things should be done 

1 A blood titration test should be made two months after the last 
immumzmg dose (laboratories are now equipped or can soon be 
equipped to do this) 

2 If mjury requiring protection occurs any time after three months 
after immunization, a boosting dose should be given within 
twenty-four hours of mjury 

3 Even this should not be relied on in cases of very extensive injury 
such as would require gas bacihus prophylaxis or injuries vhere 
there was extensive hemorrhage In these cases antitoxin should 
be given also 

Tetanus rarely develops before five days but it is in this type of case 
that the incubation is likely to be early The usual incubation is benveen 
seven and fourteen days 

Who should receive active tetanus immunization^ 

1 First of all I place those who are sensitive to horse serum That 
means, of course, those who have had severe and moderate serum 
reacnons from previous serum injections 

2 Asthmatic patients 

3 Other allergic individuals if they are in occupations or indulge in 
avocations that carry with them danger of injury 

It IS justifiable to give tetanus immunization to the following optional 
groups 

1 Children, especially those living m the country or those who ride 
Statistical analysis shows that most of the cases of tetanus at 
present occur from tnvial injuries These cases would very 
definitely be prevented by such prophylaxis whether a blood titra- 
tion was made or not 

2 Individuals, non-allergic, engaged m hazardous occupations or 
avocations 

The author is greatly indebted to Mr Charles K Greenwald, Bu- 
reau of Laboratories, New York City, for doing the laboratory work on 
the cases reported 
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THE INFLUENCE OF EMOTIONAL 
FACTORS UPON PHYSIOLOGICAL AND 
PATHOLOGICAL PROCESSES" 

Frank Fremont-Smith 


HE increasing pace at which new knowledge in the basic 
sciences is being applied to the soluuon of clinical prob- 
lems, together with the widespread demand for health- 
care by a public better informed than ever before, has 
created new and urgent problems for medical education 
and for medical practice As we survey the present situation in an effort 
to foresee changes in the teaching and pracace of medicine \vhich the 
future must surely bring, we may well ask whether in the svnftness of 
our advance we may not have lost something of the nusdom of the past, 
hether the new and revealing laboratory techniques have not focussed 
attention too exclusively upon organs and parts of organs to the neglect 
of the ^^hole, upon disease processes to the neglect of the individual who 
IS diseased Francis W Peabody^ said “What is spoken of as a ‘clinical 
picture’ IS not just a photograph of a man sick in bed, it is an impression- 
istic painting of the patient surrounded by his home, his work, his rela- 
tions, his friends, his joys, sorrows, hopes and fears ” And Hippocrates' 
before him taught that “the nature, even of the body, can only be under- 
stood as a w hole ” Is there something in this philosophy which is not 
included in the modern approach to medicine^ Was a better knowledge 
of the whole perhaps the secret of the much mourned family physician 
w ho in the course of years came to know the life history of his patients 
and of their families and could evaluate the present illness in the light 
of such perspective^ 

That the medical profession is becoming increasingly aware of this 
question is evidenced by the frequency with which the medical student 
IS admonished to look upon the patient “as an individual” and view him 
“as a w hole ” But unless this viewpoint is applied in fact to the individual 
patient, it becomes a mere abstraction with little meaning at the bedside, 

* Read December 2, 1938 in the Fndaj Afternoon Lecture Series of The New York Acadenij 
Medicine 
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where we are too apt to focus the best laboratory procedures on the 
depersonalized “case ” 

Is not the public, nearly all of whom sooner or later become our 
patients, beginning to feel a certain dissatisfaction with modern medical 
practice, even when skilled specialists are available to study the dysfunc- 
tion of this organ or of that, and physical examinations and laboratory 
tests are far more revealing than in the past^ Why is it that a viewpoint, 
accepted by the ancients, sensed by the country doctor, and enunciated 
by the present leaders of our profession, should saU elude us in daily 
pracuce^ The answer lies partly m the inadequacy of the techmque of 
history taking, to which we shall return later, and partly in the focus 
of the physician’s interest To the family doctor the patient is usually no 
stranger when he seeks advice Often the physician has known him since 
childhood, and quite naturally takes into consideration his pretious 
illnesses, personality and family background, so that the patient’s symp- 
toms are seen in the perspective of the life history of the individual The 
modern physician, on the other hand, rarely sees the same patient through 
the years "With many technical devices at his command, he tends to 
become preoccupied with the funcaon of organs and organ systems 
Mdnch can be measured with ever increasing accuracy But this alone does 
not satisfy the patient whose primary interest is in himself — the sick man 

It IS not my purpose to discuss the need of studying the indn idual 
patient, his emotional tensions, peculiarities and prejudices, in order 
merely that we may know how best to gam his confidence, nor merely 
that we may deal with overt emotional crises or be ready on occasion to 
play the role of father confessor There is another more cogent reason 
why the modern doctor, whether he be general practitioner or specialist, 
can no longer afford to overlook the personality pattern and emotional 
responses of the individual patient For in the patient’s personahty struc- 
ture, m his way of reacting emotionally or of failing to react to his 
environment are to be found the factors which not only he at the root 
of the so-called “functional” disturbances but w hich also often determine 
the onset, severity, duration, exacerbations, and even the outcome of 
disease 

The physician today is not satisfied with the diagnosis when, in the 
case of an infectious disease, the infecting agent has been idenufied He 
Mants to kno^\ both the source of the infection and the nature of the 
immunological disturbance Mhich made infection possible We hate 
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progressed beyond the stage where simple cause and effect relationships 
are sought The biochemical changes taking place in the patient are as 
important as the nature of the invading orgamsm for the production of 
disease Similarly, when a gastric ulcer has been accurately described by 
x-ray and gastroscope, the diagnosis should be considered still incomplete 
until we have investigated the factors which lead to exacerbations of 
symptoms and threaten hemorrhage or perforation If the symptoms are 
accentuated by family quarrels, this fact should be included in the clinical 
picture Its neglect may prevent a cure If hospitalization of an ulcer 
patient is more effective because it removes the patient from the scene of 
the quarrels than because it allows strict regulaoon of the diet, this also 
should be understood by the physician Obviously in such case, proper 
therapy must include either a change in the home situation or in the 
patient’s attitude toward it 

In order to understand how emotional factors can influence the 
process of disease it will be helpful to review briefly the anatomical, 
physiological and biochemical mechanisms which are normally activated 
during emotional stress Walter B Cannon® in his classic studies on emo- 
tional excitement has shown clearly the profound changes occurring in 
animals during rage and fear, 1 e , the elevation of the blood pressure, the 
diversion of the blood flow from skin and splanchnic regions to muscles, 
heart and brain, the inhibition of gastric function, the pouring into the 
blood of glucose, and of adrenalin — all evidences of pronounced acnvity 
of the sympathetic division of the autonomic nervous system Recently 
Morris Bender, while worlong in John F Fulton’s laboratory at Yale, 
and now at the Mount Sinai Hospital, has presented evidence that aceqd- 
chohne as well as adrenalin is secreted into the blood in cats and monkeys 
during fear, showing that the parasympathetic as well as the sympathetic 
division of the autonomic nenmus system may be thrown into activity 
during emotional excitement This evidence of parasympathetic acuon 
fits in well with a number of clinical phenomena, as indicated by Khng,’’ 
such as blushing, lacrimation, fainting, vomiting, involuntary urmation or 
defecation, any of which may occur under intense emotional stress, and 
V Inch cannot be readily understood on the basis of sympathetic stimula- 
tion alone 

Sinqe the autonomic fibers aie widely distributed throughout the 
organi m to skin, blood vessels, viscera, reproductive system, special 
sense - gans, kidneys, the glands associated with the gastrointestinal 
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tract and the endocrine glands, which pour their secretions into the blood 
stream and thus influence distant organs, it is evident that activity of the 
autonomic nervous system, either directly or through the mediation of 
the blood stream, may be expected to have an influence upon the function 
of practically every organ and tissue There is no valid reason why a 
diseased organ should escape such influence, on the contrary there are 
striking examples of pathological states which render an organ over- 
sensitive to autonomic stimulation For example, in Raynaud’s disease 
the blood vessels of the affected part become overresponsive to sym- 
pathetic stimulation, while in hyperthyroidism the heart, as well as other 
tissues, overreacts to adrenalin injection as well as to emotional stimu- 
lation 

The autonomic nenmus system has intimate connections with the 
central ner\mus system on both the efferent and afferent side Recent 
studies, admirably reviewed in Fulton’s® Physiology of the Neivous 
System, have made it evident that the hypothalamus is the chief center 
for the integration of impulses to and from the autonomic s)’-stem, and 
that intimate connections exist benveen the hypothalamus, the thalamus 
and the cerebral cortex Stimulation’^ of the posterior and lateral nuclei of 
the hypothalamus in animals produces diffuse discharge of all divisions 
of the sympathetic system, causing acceleration of the heart, dilation of 
the pupils, inhibition of peristalsis of the gastrointestinal tract, pilomotor 
activity, rise in blood pressure, increase m respiratory rate and decrease 
in bladder tonus Stimulation of the middle nuclei, however, results in 
responses of an opposite type, being in general characteristic of para- 
s)mipathetic activity Thus the heart rate is slowed and the auriculoven- 
tricular conduction time is increased, there is increase in peristalsis of 
the stomach, and increase in tonus of the bladder A fall m blood pressure 
can be produced by stimulauon of the anterior region of the hypo- 
thalamus That these nvo types of response to stimulation of the hypothal- 
amus are mediated by the sympathetic and parasympathetic nen^es re- 
spectively IS pro\ ed by the fact that the appropriate responses cannot be 
obtained after section of sympathetic, or of parasympathetic ner\ es, as 
the case may be Experimentally produced lesions in the hypothalamus 
lead to disturbances of heat regulauon, of avater regulation, of carbohy- 
drate and fat metabolism, and of sexual function Finally, the outbursts 
of rage v Inch occur spontaneously or are readily elicited in animals after 

* [ulto'’n on tho h%pothaIamns and the cortex -,de 
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decortication disappear when the posterior area of the hypothalamus 
IS destroyed These pseudoaffective outbursts, called “sham rage” by 
Cannon and Bard, are accompanied by signs of widespread sympathetic 
activity, indicating the intimate relation between affective discharge and 
activity of the autonomic nervous system 

The release of exaggerated emotional expression and autonomic 
activity by decortication implies a cortical mhibmon or regulation of 
these functions but, as Fulton® has said, it is only within the last fev 
years that the extent to which the cerebral cortex influences the auto- 
nomic nenmus system has become obvious In the cat and monkey, 
stimulation of discrete areas of the cortex w’^ill evoke marked elevations 
in blood pressure, while stimulation of neighboring areas results in a 
fall in pressure The rise in pressure is accompanied by acceleration of 
the heart, n^hile the decrease in pressure is associated with slowing of the 
heart rate These responses demonstrate both a sympathetic and a para- 
sympathetic representation in the cortex, since the rise in blood pressure 
and increase in heart rate are diminished although not wholly abolished 
by section of the splanchnic nerve and removal of the stellate ganglia on 
both sides, while section of the vagi abolishes the lowering of blood pres- 
sure and the slowing of the heart 

As further evidence there may be cited the experiments of Green 
and Hoff' on cats and monkeys which indicate that in the motor and 
premotor areas of the cerebral cortex there exists a mechamsm for divert- 
ing the blood from visceral to muscular bed, which is mediated through 
the penpheral nervous system Thus stimulation of the cortex may 
produce phy^siological changes analogous to those which occur spon- 
taneously m rage or fear Stimulation and ablation experiments have 
demonstrated the cortical control of sweating, as well as the absence of 
the psy’-chogalvamc reflex on the contralateral side when a sharply 
localized area of the cortex is removed Dilation or constriction of the 
pupil, as well as lacrimation and salivation, may’" be provoked by cortical 
stimulation Ablation of the frontal lobes produces motor hyperactiviH’^ 
of the stomach v ith pyloric spasm, while stimulation of the frontal 
cortex also influences gastric peristalsis The “psychic” flow of gastric 
)uice IS dependent upon cortical function, and micturition is also partlv 
under corneal control 

Thus we may make a rough sketch of the intricate organization of the 
autonomic nenmus system, its integration in the hypothalamus and 
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regulation in the cerebral cortex where there exist both sympatheuc 
and parasympathetic representation The organism is prepared for 
instant and violent action and yet so regulated that whether at rest or in 
action, Its internal environment is kept within those limits of relative 
constancy which are essential for efficient activity and even survival 
The inward nature of affective expenence still eludes us The James- 
Lange theory of the emouons has been discarded, and a satisfactory 
formulation will probably have to await more precise information on 
both the clinical and experimental side It may be stated, however, that 
affective states, although often evoked by sensory stimuli, are dependent 
primarily upon central rather than upon peripheral activity, that the 
gross patterns of emotional expression are organized subcortically, since 
decortication leads to their release in exaggerated form, and finally that 
the pathways for such nenmus discharge are via the hypothalamus mto 
the autonomic nervous system The ultimate action of the autonomic 
nervous system, and hence of emotional activity, upon the ussues of 
the body is brought about by the chemical mediators adrenahn and 
sympathin released by sympathetic sumulation, and acetylcholine re- 
leased by activity of the parasympathetic nerves and probably by other 
hormones, whose secretion or discharge into the blood stream may be 
influenced by activity of the autonomic nenmus system Since adrenahn 
and acetylcholine, both highly active physiologically, may be found m 
the blood stream simultaneously under fear reactions, and since fear may 
be accompanied by symptoms due to sympathetic or parasympathetic 
activity, or both, it seems probable that the sympathetic and para- 
sympathetic divisions are stimulated nearly simultaneously m the homeo- 
static regulation of the organism Whether the symptoms resulting from 
emotional stress are predominantly sympatheuc or parasympatheuc 
may then depend either upon the relative intensity of the stimulauon of 
these turn divisions, or upon hyper-reacuvity of an organ or tissue 
Among the causes of such local hyper-reacuviry are various pathological 
processes Such is the system, anatomical, physiological and biochemical 
through which emotional activit\’' is expressed 

In Dunbar’s volume. Emotions and Bodily Changes,^ there is re- 
view cd a \ ast but scattered literature dealing w ith these psychosomadc 
problems Here may be found many striking case histones illustrating 
the influence of emotion upon disease, cases invoking nearly every 
organ of the body Almost e\er\' ph\sician with whom this topic is 
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discussed will remember one or two dramatic instances As Dunbar 
points out, however, few systematic studies have been made Until this 
IS done, using effective diagnostic methods, e cannot knov hov man> 
such cases are being missed 

One important reason why the role of emotional factors is o\ erlooked 
in many cases is because in history taking we assume that the patient 
wA\ remember accurately and thereby ignore the power of his “forget- 
tory” (^^hle®) "We are inclined to think of remembermg as an active 
process and tend to overlook the fact that we could not focus our 
memory upon an incident or object unless we had an efficient mechanism 
for excluding at that moment all the other memories which might crowd 
m upon us Forgetting often must be looked upon as an actn e process, 
not just an absence of remembering In fact the vigor with which v e are 
able to forget is at times appalling' 

It IS common knowledge that vdien an old memor)’' is revned by 
some appropriate stimulus, not only is the original experience remem- 
bered, but the emotions associated with it are also reawakened and felt, 
often Muth intensity What is less well known, but even more important 
for the physician, is the fact that the stimulus may someumes fail to 
bring to conscious memory the old experience, and yet reawaken the 
emotional feeling and the concomitant activity of the autonomic ner- 
vous system Under such circumstances the individual may realize that 
he IS frightened or angry but wrongly attribute the feeling to something 
m the present situation, failing to realize that its source is in an only 
partially awmkened memory 

In some instances of partly evoked memories, the emotion may not 
be recognized as such, only the sy'^mptoms due to autonomic actnit}’’ 
coming into consciousness The individual notices a pounding of his 
heart, or perhaps feels nauseated and vomits, but remains unaware of 
fear in the first instance, or of disgust in the second If the heart, digestive 
system, or any other organ is especially sensitive to autonomic acmm', 
or IS already the site of disease, then it is not difficult to see how' the 
arousing of emotional tension, can lead through activity^- of the autonomic 
nervous sy^stem to serious sy'^mptoms and to the extension of the path- 
ological process For instance, a patient with a chronic peptic ulcer had 
three severe hemorrhages from the ulcer each occurring wnthin tw'enty'- 
four hours of an emotional crisis Here may be cited also the recent 
observation of Bruenn^® that anxiety causes an increase in the aunculo- 


Physiological and Pathological Processes 


567 


ventricular conduction tune, as shown by the electrocardiograph, in 
patients truth rheumatic fever 

Since the patient has often completely forgotten the information 
needed by the physician to determine the importance of emotional fac- 
tors in the illness, or if he remembers the disturbing factors, has forgotten 
their association with the onset of symptoms, the direct question-answer 
technique of history taking wdl almost mevitably fail to reveal the 
emotional tension or its relation to the illness The patient cannot be 
expected to tell what he has forgotten, what, because of its disturbing 
nature, has been excluded from conscious memory But since anxiety in 
one form or another is usually at the root of evasion or of repression of 
emotional problems, an essential factor in aidmg the patient’s memory is 
the establishment of confidence in the doctor 

In the presence of disease, how can we determine whether emotion 
plays a significant role^ The diagnosis of “functional disturbances” 
formerly was made by exclusion of discoverable orgamc processes, but 
this IS both difficult and inadequate Moreover, the arbitrary distincaon 
between “organic” and “functional” is more misleading than useful We 
need criteria for the positive diagnosis of the role of emotion in illness 
Among such criteria is a time relationship between an emotional crisis 
and the onset of symptoms The posiuve diagnosis is considerably 
strengthened if several exacerbations of symptoms, or attacks have been 
immediately preceded by recurrence of the same or similar emotional 
conflicts If the patient fails to recognize any connection between the 
emotional tension and the symptoms, and particularly if the pauent has 
completely forgotten the emotional crisis or its time relationship to the 
onset of the symptoms, then the role of the emotion as an etiological 
factor in precipitating the symptoms is rendered highly probable 

The intellect is expected to govern the emotions, the cerebral 
cortex to regulate the activit^’^ of the lower centers, but intellect is often 
powerless before emotions w'hich have been forgotten, for the lower 
centers may then discharge with an uncontrolled intensity, and often 
with a stcreonped pittern, wffiich is reminiscent of the behaaior of the 
decorticated animal ” This suggests that the exclusion from conscious- 
ness of the memory of in emotionally disturbing e\ ent may be analosious 
to a pirtial temporirs decortication In such circumstances the return to 
conscious memoiw of the forgotten experience may lead to an abrupt 
decreise in actnin of the autonomic nenous st'stem and prompt 
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cessation of the accompanying symptoms 

This sequence of events was reproduced m man by F Deutsch 
and E KauE- in 1923, who set out “to show experimentally that ideas 
and experiences originally accompanied by anxiety but long since for- 
gotten, are tlie cause of disturbances in the cardiovascular system ’’ I 
quote from Dunbar’s review® of their article 

“ ‘An excitmg experience was suggested to the subject in h^qinosis, 
with the simultaneous suggestion of complete amnesia for it Furthermore, 
the posthypnotic suggestion was given that with a certain signal (seem- 
ingly accidental showing of a handkerchief) the subject would have the 
same sensations as during the experience When, after hypnosis, the 
handkerchief was shown, there was m all cases a definite increase in 
pulse rate (maximum 27 beats per minute), similar to that during the 
suggestion of the experience in hypnosis ’ This shows, the authors sav, 
that an experience which is no longer in consciousness may produce the 
same sensations as at the time of its first happening ^ Two subjects 
were given, in addition, the suggestion that on the dropping of the 
handkerchief they would remember the experience completely "Whereas 
on production of the handkerchief there were pulse accelerations of 
15, 12, 13 beats per minute in one case, 22 and 27, in the other, repetition 
of the stimulus after dropping of the handkerchief produced no, or only 
negligible, acceleration Especially in one case there was intense anxiety 
with recollection of the experience ” 

These experiments illustrate that an emotionally disturbing experi- 
ence induced and forgotten under hypnosis on axvakening may lead to 
exaggerated response xvhen partially reactivated In a similar way an 
individual xinth pent up but unrecognized anxiety may be thrown into a 
state of terror by an experience, such as a barely-avoided automobile 
accident, which xvould ordinarily evoke but slight fear The resulting 
terror, xvhich may persist for some time, is absolutely real to the indi- 
vidual and may cause him to misjudge the actual danger in the present 
situation In some cases only a x'^ery specific stimulus, one closely con- 
nected xxnth the forgotten experience, is able to release the repressed 
emotion In other instances, as m a vivid radio broadcast at a time v hen 
war seemed imminent, xxudespread panic may be produced in a group 
of people with xmry different past histones, provided there is sufficient 
underlying anxiety in the group 

The problems associated xvith repressed emotion are the problems of 
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human unhappiness, bereavement, insecurity and despair For many of 
these civilization has as yet no adequate answer Not infrequently, ho\t - 
ever, that aspect of the problem which affects the patient’s health, may 
be improved by common sense advice, while just the opportumty to talk 
it out with another human being often throws a new hght upon the issue 
and changes the patient’s attitude towards it This may be all that is 
necessary Often the fact that the physician listens without censure to an 
account of the patient’s mistakes and sorrows, does much to restore the 
patient’s self-respect and gives him the needed courage to make his ou n 
decisions 

In the more serious emotional problems and personality disorders, 
the physician should turn to a neuropsychiatrist, but much may be ac- 
complished by the general practitioner and by the specialists m other 
fields, once the problem has been revealed 

In closing I should like to emphasize two points first, that organs 
and tissues which are the site of disease are not immune to the physio- 
logical and biochemical effects of emotional conflict, and second, that 
the most important conflicts in this respect are often those which the 
patient has forgotten 
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THE ROLE OF THE NEW YORK ACADEiMY 
OF MEDICINE IN THE DEVELOPMENT OF 
THE AMERICAN MUSEUM OF HEALTH^ 

‘ George B\ehr 


HE New York Academy of Medicine and die medical 
profession of the City of New York have long had a deep 
and active interest in the establishment of a Museum of 
Medicine and Public Health in this city which might 
serve the City, the State and the Nation Although many 
have recognized the need, special credit must be given to Dr D Br}’'son 
Delavan, a distinguished physician of this city, who persistently and 
ardently advocated its consideration over a long period of years By 1927 
his persistence had convinced Dr Linsly R Williams, then director of 
The New York Academy of Medicine, that the initiation of this project 
v'as one of the public responsibilities of the Academy 

In the year 1927, the Council of the Academy authorized the Presi- 
dent of the Academy to appoint a special committee for the purpose of 
studying and stimulating the establishment of such a museum The first 
committee appointed in 1928 included Dr Williams, Dr B Sachs, Dr 
John A Hartwell and Dr E H L Corwin In 1933 a larger special 
committee on museum was created of which I have had the privilege of 
serving as chairman It was hoped that the gradual accumulation of mate- 
rial for the proposed museum might ultimately result in encouraging the 
interest and the financial support of philanthropic foundations, of people 
of means and of the municipality In the absence of more adequate 
storage and exhibition space in the Academy building it was decided to 
restrict the collection at first to material having a bearing upon the history 
and development of medicine The mam purpose, however, was not 
neglected, namely, to interest both governmental and private support 
for a museum of medicine and public health to sen'^e the medical profes- 
sion and the public With this idea in mind, a conference was held at the 
Academy in 1931 between the Academy’s Committee on Public Health 

* AddrtiS delivered at the dedication of the Medical and Public Health Building of the Worlds Fair, 
New \ ork June 17 19^9 
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Relations and representatives of the American Public Health Association 
in the hope that these two organizations might collaborate, and when 
Rockefeller Center was under construction there was some hope for a 
time that space might be provided 

At that time we had in mind a museum which would combine the best 
elements of the popular Hygienic Museum of Dresden with which I had 
been impressed in 1912 and the more scientific Wellcome Museum of 
London It was our belief that, like New York’s Museum of Natural 
History, a popular museum for health education must have the best pro- 
fessional leadership and a substantial scientific working background so 
that It might maintain the highest standards of scientific accuracy and 
progress and not degenerate into mere cheap and unmeritorious show- 
manship 

Five years ago, shortly after the inauguration of Mr LaGuardia as 
Mayor of the City of New York, I had an opportumty to bring this 
subject to his attention With his usual quickness of perception, he im- 
mediately grasped the significance to health education of a great museum, 
like our Museum of Natural History but devoted to problems of health 
and disease Sometime in 1935 , 1 was again called to see him He told me 
in confidence of the news which had not yet been made public, that a 
World’s Fair in New York City was under consideration He reminded 
me of our previous conversation concerning a museum of medicine and 
public health and asked me to prepare a short brief on the subject which 
he might advance as one of the worthy reasons for holding a World’s Fair 
in New York It was his idea that a great non-commercial exhibit on 
medicine and public health should be created in such a manner and so 
comprehensively that it might serv^e as the nucleus for the future perma- 
nent museum which I had proposed to him In this way, he suggested, 
our hopes might come to realization at the termination of the Fair in 1940, 
far sooner than we had dared to hope 

I then consulted with the officers of the Academy of Medicine and 
uith Dr Louis I Dublin, recently president of the American Public 
Health Association At his instigation. Dr Victor Heiser and Mr Homer 
CaKer of the American Public Health Associauon met with me and 
assisted in preparing the brief This brief and the continued interest of 
Ma^or LaGuardia and Mr George McAneny resulted in the appoint- 
ment of the small w orking committee \\ Inch de\ eloped this great project, 
the Medical and Public Health Building of New York’s World Fair, 
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which we dedicate today, with the self sacrificing assistance of several 
hundred experts m all branches of medicine and public health The com- 
position of this small executive committee indicates how successful has 
been the collaboration of the three major participating interests, the City 
of New York, the medical profession and the field of public health The 
interest of the City is represented on the committee by the Commissioners 
of Health and of Hospitals, the public health association by three repre- 
sentatives, the medical profession by four representatives, among whom 
I have had the privilege of representing The New York Academy of 
Medicine The board of directors of the permanent American Museum 
of Health is now composed in a similar fashion, except that it includes 
distinguished citizens in addition to the city government and the major 
local and national organizations representing public health and medicine 
I speak not only on behalf of The New York Academy of Medicine, 
but also for the entire medical profession of the City of Nev York and 
for Its five medical schools in assuring you of our continued devotion to 
this great enterprise W e fervently believe that it will be the center from 
which will emanate the developing techniques of health education for the 
people of our City and the Nation To this center will come hundreds of 
physicians and public health officers for training in the modern methods 
of health education, and it will share its accumulating store of rich expe- 
rience and Its wealth of technical material with all the health and welfare 
agencies of the land 




Anderson, D S T1 hat tt means to be a doctor 
N "i , Public Relations Bureau, Med 
Societi of the State of N Y , [1939], 87 p 
Bender, J F &. Kleinfeld, V M Principles 
and practices of speech correction 
N y. Pitman, [1938], 298 p 
Berge\’s manual of determinative hacterwl- 
oyy 5 ed 

Balt , M illiams, 1939, 1032 p 
Boas, F The mind of primitiie man Rei ed 
N 1 , ^lacmillan, 1938, 285 p 
Brend, A\ A Traumatic mental disorders iii 
courts of late 

London, Heinemann, 1938, 101 p 
Cameron, S J , Hewitt, J , Lennie, R V 
[et al ] A Olasgow manual of obstetrics 
3 ed 

London, Arnold, [1939], G79 p 
Campbell, J A &. Poulton, E P Oxygen and 
carbon dioxide therapy 2 ed 
London, Milford, [1938], 202 p 
Cantarow, A &. Frumper, M Clinical bio- 
chemistry 2 ed 
Pbil , Saunders, 1939, CGG p 
Carbonell, D Parasitologla en Venezuela i/ 
los trabo los del Doctor M Kuhez Tovar 
Car 1C 1 ', I it \ lip del Comercio, 1938, 
420 p 

Chideckel, "M “sleep, your lifes one third 
N A , Snrai in, [1939], 183 p 
Cliiodi II II timo en relacion con el creci- 
mienta i/ la funcion sexual 
Buenos Vires, [Ferrari], 1938, 159 p 
Clark, K C Posihonino in radioqraphif 
I ondon Ileinemann, [1939], 182 p 
Cole, )] & Elman, R Textbook of qen- 
eral surqcru 2 ed 

N A , Vpplcton-Centiirl, [1039], 1011 ji 
Cohtr, (Sir) 1 F &. Spraw son, E C Dental 
surqertf and patholoqv 7 ed 
1 ondon I onpmnns, [193S] lOfiT ji 


Conel, J L The postnatal development of the 
human cerebral cort'-x 
Cambridge, Haraard Lni\ Press, 1939, 
aol 1 

Conference on Rural Hagiene, Cooperstown, 
N A , 1938 Rural medicine, proceedings 
of the Conference 

Springfield, 111, Tliomis, [1939], 268 p 
Ciimberbatcb, E P Essentials of medical 
electricity 8 ed 
London, Kimpton, 1939, 528 p 
Dicks, H V Clinical studies in psychopath- 
ology 

London, Arnold, 1939, 248 p 
Diepgen, P Medizin wid Kultur 
Stuttgart, Enke, 1938, 309 p 
ion Eiselsberg, A Lebensveeg eines Chirur- 
qen Innsbruck, Deutseber Alpenierlag, 
[1939], 5C6 p 

Ekeborn, J E G Uber die integrative A'a- 
tur der normalen Harnbildung 
Helsingfors, [Alercator], 1938, 2 a 
Elmer, \ A\ Iodine metabolism and thqroid 
function 

London, Milford, 1938, 605 p 
Findlaa, G A\ M Recent advances in chemo- 
therapy 2 ed 

I ondon, Cliurchill, 1939, 523 p 
Fiirst, B L'se your head the practical use 
of memory and suqqestion 
V A , Funk, 1939, 289 p 
General anthropology, edited b\ F Boas 
Boston, Heath, [1938], 718 p 
Ghosh, B X -I treatise on hyqiene and pub- 
lic health, 9 ed 

Calcutta, Scientific Pub Co , 1938, 720 p 
Gilbert, M S Biography of the unborn 
Balt^ A\ illiams, 1938, 132 p 
Great Britain The Food and Drugs -let, 
Ills, edited In E Bright \shford and’ 
Sir A\ G Sa\age 
I ondon E\re, 1938 357 p 


576 


THE BULLETIN 



DEATHS OF FELLOWS 


S;ESH53SE5HSH5HSE£rESHSHSH5H5HSHSHSHS*£] 

Cohn, Feliv 945 AVest End A\enuc, New 
York Cit\ , born in Vienna, Austiia, June 
24, 1860, died in New York Cit^, June 2, 
1939, recened tlie degree of Bachelor of 
Arts from the College of the Citv of New' 
York in 1879, graduated in medicine from 


the Uniiersiti of Heidelberg, Geiniani, m 
1884, elected a Fellow of the Vcadenw April 
3, 1890 

Dr Cohn had been consulting lanngologist 
and otologist to the Alontefiore Hospital 
since 1912, the Lenox Hill Hospital since 
1925 and the Beth Isr lel Hospital since 1930 
He was a Fellow of the American Medical 
Association, a meiiber of the \merican 
Acidema of Ophth<ilmolog\ ind Otolanai 
gologa, and the Coiinta and State Medical 
Societies 

Dr Cohn a\as the author of numerous pub 
lications on the ear, nose and tin oat 


TWELFTH GRADUATE FORTNIGHT 
October 23 to November 3, 1939 
Aiicmgevient of Afteinoon Hospital Clinics 


A'londay 

October 

23 

Tuesday 

October 

H 

Wednesday 

October 

25 

Thursday 

October 

26 

Friday 

October 

27 

Alonday 

October 

30 

Tuesday 

October 

31 

AA'ednesday 

November 

I 

Thursday 

November 

2 

Friday 

November 

3 


Babies jnd Bellevue 
A'lemorial and New York 
Montefiore and Post-Graduate 
iMount Sinai and Ne\v lork 
Lenov Hill and Adount Sinai 

Bellevue and Presbyterian-Neiiro 
logical Institute 
A'lontefiore and St Luke’s 

Joint Diseases and Leno\ Hill 

A'lorrisania and Post-Graduate 

Sloane and A'\'’^oman’s 


SECOND SERIES 


SEPTEMBER 1 939 


VOL 15, NO 9 


BULLETIN OF THE 'NEW YORK 
ACADEMY OF MEDICINE 


CONTENTS 


Some Difficulties in the Use of the Insulins in Diabetic 

Practice 579 

Walter R Campbell 

The Treatment of Postabortal and Postpartum Sepsis, 
with Special Consideration of Sulfanilamide and 
Allied Drugs 597 

Edward G Watejs 

Pathogenesis and Present Day Treatment of Urinary 

Infections 609 

Meredith F Campbell 

Library Notes 

An Exhibition of Books on the Gro^\th of Our 
Knowledge of Blood Transfusion 622 

Modem Books on the Blood 633 

Recent Accessions 622 


Twelfth Graduate Fortnight 


m ALTHORS ALONE ARE RESPONSIBLE FOR OPINIONS EXPRESSED pJ 

rtl IN TflElR CONTRIBLTIONS fO 

Dr'HSHSHSHSESESt!SHS2SESESHSHSHSa5ESHSHSHSS5ES2SHSHSH5HSSSE5HS25Z5c!SH5iSSESE5HSS5HjS 

Published monthly by The Neu York Academi of Medicine 
2 East 103 Street, New York 

Entcrni as ««ond class matter Februars 3 192S at the Post ORce at Xen lork N \ 
under the \ct of \ugust 2-t 1912 Subscription r3 00 per rear Single copies SO cents 



OFFICERS AND STAFF OF THE ACADEMY 

*939 


Prendent 

Malcolm GooniunrE 


Vice-Presidents 
Arthur F Chace 
Bevjami?? P '\VAT’;o^ 
Rufxs I Cole 


Treasurer 
Berxvrd Sachs 
Assistant Treasurer 
Roderick V Grace 


Recording Secrctarg 
Llims F Frissell 


George Baehr 
Carl G Burdick 
*Lem is F Frissell 

•■M \LCOL'M GoODRIDCE 


Trustees 


JoHK A Hartwell 
William S Ladd 
James Alexander Miller 
AValter L Niles 
AValter A\^ Palmer 


Eugene H Pool 
’Bernard Sachs 
Frederic E Somilus 
Charles F Iennli 


Conned 


llie President 

I lie 1 reasurer 
The 


Ihe A ice-Prcsidents llic Inistccs 

'Ihe Recording Secret ir\ 
Cliainnen of Standing Committees 


Direi tor 

HiRIIERT B A\ ILCON 


Librarian 

Al.tlllUVLD M \LLOLH 


Lxectiltve Secrctari/ IUxecutivr Secretan/ 

Public Health Relations Committee Committee on Medical Eduuitioii 
E H L CoRW IK Mahlon Ashford 


* 

Lj-eiutiie Secretary, Committee on Medical Information 
I \co Galdsiok 


Librarif Consultants 

I \uiiA ]j Smiih B A\ AViikhercer Arnold C Klihs 


Legal Counsel 
Frank L Polk, Es« 


E D I r O R I A I. BOARD 

Jerome P AVeiister, C/iairman AliridE Cohn 

Luofn'e F DuBois Arciihiald AIailoch 

Rodert F Loeb Karl A'^ooel 

Mahlon Ashford, Editor 


Ex-officio 



BULLETIN OF 
THE NEW YORK ACADEMY 
OF MEDICINE 



SOME DIFFICULTIES IN THE USE OF THE 
INSULINS IN DIABETIC PRACTICE^ 

Walter R Campbell 

DISCUSSING the use of the insulins with an audience of 
practising physicians, it would seem advisable to confine 
attention largely to the products commercially avail- 
able at present Only two products, Insulin and Prota- 
vnne Xinc Insulin, are licensed by the Umversity of 
Toronto and accepted by the Council on Pharmacy and Chemistry 
of the American Medical Association at the present time However, 
several other varieties of greater or less merit exist which may in the 
future supplant these 

Difficulties in the use of protamine zinc insulin arise m large measure 
from the fact that its properties have not been completely mastered, as 
well as from the fact that many physicians have failed to distinguish 
protamine insulin, which is still used in considerable amounts in Europe 
and a\as used in this part of the world in an experimental way for a 
short time, from the later product, protamine zinc insulin 

Numerous protamines exist and their combinaaons with insulin yield 
products \Mth specific properties Hagedorn first found that insulin 

Rcul Iclirinrs 10 lOjO at The Xew aork Acadcni% of Medicine in the Fndaj Afternoon Lecture 
'^crics 

From the Department of Metlicine Lnt\crsit> of Toronto and the Medical Scr\ice Toronto Gen 
eral Hospital 
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combined with the protamine of the rainbow trout {Sahno mdnis) had 
very desirable properties, a fact which was early confirmed by Joslin, 
Wilder and ourselves But even more useful in certain respects was the 
insulin compound with king salmon protamine with which most of the 
experimental work on protamme msulm was carried out in America 

The investigations of Scott of the Connaught Laboratories, Univer- 
sity of Toronto, showed a prolongation of acuon of insulin in ammals 
by the addition of zinc and this we were likewise able to confirm in man, 
but the use of this product is accompanied by certain drawbacks It 
became of great interest though to see whether or not the use of addi- 
tional zinc might alter the properties of protamme insulin Several new 
and very desirable properties were found to be possessed by this com- 
bination and It was made available commercially, under the name of 
protamine zinc insulin, as soon as adequate tests convinced us of its 
great value 

The first chart shows in a rather diagrammatic fashion the behavior 
of the blood sugar m normals and diabetics on an ordinary diet In the 
normal individual there is a marked tendency to maintain the blood 
sugar level within certain definite limits Nevertheless, following the 
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ingestion of meals, the blood sugar tends to rise somewhat for a short 
period and then to revert to a lower level withm the normal band 
Curves i and 2 are supposed to illustrate the fact that this is a variable 
phenomenon m different people Seldom does the postprandial nse m 
normal mdividuals pass beyond 145 per cent Durmg the remamder of 
the twenty-four hours the blood sugar lies within the normal band 
In other words, the normal variauons m blood sugar do not pass beyond 
the level of the threshold of excretion, usually 160 per cent or a httle 
higher, and no glycosuria results, as is mdicated below Glycosuna 
would result, however, if this threshold were lowered, producmg the 
so-called renal glycosuria, and the greater the lowermg of this threshold 
the more constant the glycosuria becomes Occasionally this glycosuria 
cannot be stopped except by forcmg the blood sugar to excessively low 
levels but, of course, this is never done as a practical measure of control 
Renal glycosuria is a bemgn condition, an anomaly, requurmg recogni- 
tion rather than treatment In Curve No 3 we find the blood sugar 
starting withm the normal values and rising after meals to overstep the 
threshold of excretion, glycosuria resulting at these times but disappear- 
ing as the blood sugar falls back to normal levels This paaent furnishes 
us with many problems Numerous causes may produce this result 
alimentary hyperglycemia, obesity, infection, hver disease, a lag type 
curve But sometimes the patient is the mildest type of diabetic and 
peculiarly important because at this stage early strict treatment may 
wholly arrest the progress of the condition while he still has a high 
tolerance for carbohydrate or, perhaps, even brmg about a cure Curve 4 
also starts withm normal blood sugar limits but it rises above the 
threshold after a meal and contmues thus, perhaps faUmg slightly 
before the next meal but rismg agam soon after this has been taken 
After absorption of the evenmg meal the blood sugar falls to normal 
and remains so during the mght This pauent is a mild diabeuc, probably 
readily controllable by dietetic measures, but he introduces the question 
as to how much value he might gam from a period of support by a 
small supplement of a long acung insulin Cun’^e 5 Well marked fast- 
ing hyperglycemia with an increase above the threshold level after 
meals and long continued glycosuria, only ceasmg during the mght, is a 
stage of greater severir\^ of diabetes, sometimes controllable by rigid 
dietan’ restrictions, and often benefited by small doses of insulin In 
Cun e 6 a\ e ha\ c depicted the blood sugar level continuously abo\ e the 
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threshold level and constant glycosuria— a definite diabetic who will 
almost certamly require insulm to assist in metabolizing a suitable diet 
In connection with Chart I there are several points to be noted a 
diabetic is not always continuously glycosuric, diabetes is not the most 
frequent cause of glycosuria, literally hundreds of other causes may 
operate but diabetes is the most constant and the most persistently 
recurrent cause of hyperglycemia and glycosuria as well as the probable 
cause of maximal deviations from normal values Diabetes varies in 
severity Besides other features which may often assist in diagnosis, both 
hyperglycemia and glycosuria either constant or persistently recurrent, 
are necessary for the diagnosis in most cases 

Chart II All diabetics do not need insulin When placed on restricted 
diet the mild diabetic promptly becomes sugar free Some patients, how- 
ever, become aglycosuric with greater difficulty and only after some 
days Perhaps they may require insulin to assist in metabolizing more 
liberal diets required for their daily work A thmd group will not be- 
come sugar free, and insulin definitely is necessary for these patients 
A test period on restricted diet would eliminate many of those cases 
now placed unnecessarily on insulin and later found not to require it 
I am not unmindful of the fact that in certain instances insulin adminis- 
tered to mild and early cases may sometimes be of value in ameliorating 
their severity, but on this subject too little data now exist Their recog- 
nition IS largely dependent upon adequate preliminary testing of their 
tolerance In such a group with high initial tolerance there \vill be few 
difficulties to overcome in connection with the administration of insulin 
One recogmzes the greater stability of the normal individual to a given 
dose of insulin, these mild diabetics resemble normal individuals in this 
respect more than the severe cases of diabetes mellitus 

Reference to our early work on insulin will indicate that such 
insulins did possess a more prolonged action than the regular type now 
available commercially Through the years, as purity of the product 
was increased, the action became more explosive, as it were, and an 
increasing number of doses was required to manage severe cases of 
diabetes Whether the original long action was due to their high zinc 
content, which Scott has shown definitely prolongs the action of in- 
sulin, or to other adjuvants now refined out of the product, is not now 
known, but one may contrast the twenty-four hour action of early 
insulin, as shown m Chart III Curve i, with the more rapid action of 
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1936 insulin in Curve 2 In the latter, the action is wholly completed 
before the older preparations had caused their maximum fall of blood 
sugar 

The third curve on Chart III shows the effect of an equal dose of 
Hagedorn’s salmaridm protamine insulin m the same individuals As 
w ill be noted, the action is more gentle and more prolonged than that 
of the unmodified preparation Without doubt the modification of in- 
sulin by means of protamine and other substances has made possible the 
greatest improvement in diabetic treatment since the introduction of 
insulin itself 

How, then, docs protamine zinc insulin differ from ordinary or 
unmodified insulin' I have endeavored to answer this in part in Chart 
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IV Regular insulin is a solution and when injected is rapidly absorbed 
and available early to do its w^ork but, as you wuU have noted previously, 
Its action IS now'- of short duration If w'e allow the squares of Curve i 
to represent some hypothetical unit of efficiency, then the cunx of 
insulin activity outlines the amount of w’-ork performed and we see that 
the diabetic given nvo doses of such an insulin m a day gets rapid large 
effect w Inch is completed early, and during the mght hours the patient 
IS left dependent upon such insulin as he can produce himself Quite 
probablv, if the carbohydrate mtake is not e\cessi\ e, the pancreas sup- 
plies but little insulin durmg the period of action of the mjected insulm 
and a greater amount of the paaent’s owm insulin is aiailable for the 
night hours It is also true that during fasnng or dunng the m^ht a 
comparamely small amount of insuhn is required but the relatnely 
snnll store of gUcogen soon is used up The patient falls back on 
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protein utilization to obtain the necessary energy to live and by morning 
the blood sugar of the patient rises to abnormal levels unless suitable 
further injections are introduced or unless the pauent has sufficient 
insulin production of his own to counteract this process In other v ords, 
in the case of patients with small insuhn production or patients on high 
calory or high carbohydrate diets with unmodified insuhn, the diabetic 
tendency is mastered for only a few hours of the day, the remainder of 
the time he is only a little less diabetic than before Particularly is this 
true of patients who are allowed to have high blood sugar or a httle 
glycosuria as often has been done, allegedly to protect them from the 
dangers of nocturnal reactions 

Before contrasting these effects with those of protamine zinc msuhn, 
we may examine Curve 2, v^hich represents what I conceive to be the 
normal distribution of the glucose load on the pancreas, meaning by this 
not only the absorbed carbohydrate as such but also that derived from 
the glycerine of fat and the breaking down of protein The starting 
point of the curve, being somewhat above the zero line, is intended to 
represent the fact that some insulm is required normally for endogenous 
metabolism even during fasting However, immediately the carbohy- 
drates from the meals commence to be absorbed, this load is increased 
in degrees varying with the amount absorbed Following the absorption 
of food the load falls to a lower level which persists throughout the 
night Now, comparing this cun'^e with Cun’^e 1, we see that regular 
insulin IS most usefully employed to counteract the effect of the ingested 
carbohydrate The more effectively these two factors are balanced, the 
better the patient’s own insuhn can be used to maintain a normal 
state during the night In many cases this has been found to be actually 
insufficient and small supplementary doses are required to keep the 
patient normal during this period It is apparent, then, that a longer 
actingr insuhn would be desirable to reduce the number of doses of 
msuhn required and to maintain the normal metabolism of the patient 
for a longer period of time 

Salmaridin protamine insuhn provided a partial answer to these 
requirements, being effective in maintaining normal metabolism for some 
sixteen hours Onchorhynchin protamine insuhn was effective for some 
t\venty-tno hours Chart III mdicates that the zinc modification of 
onchorh}nichm protamine insuhn has a still longer effect Taking the 
lower line, the curve mdicates that, though the slow absorption 0 t c 
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suspension of this product makes a high degree of activity impossible, 
the activity is continued in useful amounts for some thirty hours 
Indeed, Wilder has shown that some activity is present for fifty-seven 
hours, similarly my colleague. Dr Fletcher, has obtamed evidence that 
a minimal degree of activity persists for some six-ty hours during partial 
fasting The upper curve represents the fact that the effect of successive 
daily doses of protamine zinc insuhn is cumulative to some degree 
Yesterday mormng’s insulin helps to provide m part for the metabolism 
of today’s breakfast 

Comparing the action of this insulin with the glucose load on the 
pancreas, Cur\’’e 2 indicates that it will be most effective in balancing 
the constant load of the endogenous metabolism on the insulin-produc- 
ing mechamsm rather than in ironing out the peaks in the curve induced 
by the absorption of food The maximal useful dose of protamine zinc 
insulin IS that 'which leaves the patient 'with a lo'w normal fasting blood 
sugar 'Without nocturnal hypoglycemia By this means he attains the 
largest margin between the fasnng blood sugar level and the threshold 
of excretion after breakfast, and somewhat better rest for the pancreas 
during the night so that any self-manufactured msulin may be devoted 
to controlling the absorptive hyperglycemia Possibly this rest accounts 
also for the slow reduction in insuhn requirement noted in so many 
cases As the new injection of insulin is gradually absorbed and reaches 
Its maximum level, larger amounts of carbohydrates may be placed m 
the later meals of the day However, protamme zinc insulin alone is ill 
adapted to the consumption of high carbohydrate diet and any hyper- 
glycemia or glycosuria encountered is very slowly controlled One may 
attempt to counteract this, as well as the tendency to nocturnal hypo- 
glycemia because of overdosage of insulin, by pumng a portion of the 
carbohydrates into a bedtime lunch, but this procedure is not entirely 
satisfactory Prolonging the digesuve and absorpave penod by suitable 
selecuon of food may lov er the peak of the load and permit the use 
of 5 to 8 units of more long-acting insuhn This may be done m suitable 
cases by using unripe bananas, by smothering bernes or peaches with 
cream, by using hcasy cream or butter on oatmeal or puffed cereals, 
b\ using fat meats, French-fncd potatoes and French sticlcs or Vienna 
rolls liberally spread w itli butter ith long-acting insuhn the problem 
of c\ emng refreshments can be soh cd safelv by taking a supper some- 
what lower in carbohvdntc than usual and selecting suitable refresh- 
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ments One of my patients, whose severe diabetes remains unknown to 
his associates for busmess reasons, has made himself popular with hostes- 
ses by his activities m serving the evening refreshments No one ever 
nonces that he has no time to eat more than a small sandwich, a few 
nuts, or drink a cup of coffee If it appears necessary to take more, he 
walks home “to clear his head of the smoke ” The Avalk uses up a little 
more carbohydrate He has never had glycosuria or hypoglycemia since 
going on protamine zinc insulin nearly three years ago 

It must be clear that protamine zinc insulin has but a limited capacity 
to take care of ingested carbohydrate and that treatment is more suc- 
cessful With the lower carbohydrate diets than with those containing a 
more liberal amount Roughly, it may be said that severe diabetics can- 
not take a diet exceeding loo grams of carbohydrate (or 150 grams total 
glucose) while using a single mormng dose of protamine zinc insulin 
An attempt to do so results in glycosuria, hypoglycemia or both ^^hth 
diabetes of lesser seventy a larger amount of carbohydrate can be 
utilized by giving the protamine zinc insulin in amounts sufficient to 
produce a low normal fasting blood sugar without hypoglycemia and 
utilizing the remaining pancreatic efficiency to counteract the post- 
prandial hyperglycemia and glycosuria Successful treatment, according 
to my criteria— adequate caloric intake and maintenance of the blood 
sugar within normal limits— becomes more and more difficult to attain as 
the carbohydrate in the diet rises, but sometimes is accomplished if the 
total calories can be kept low Amounts of carbohydrate much above 
150 grams, in my opinion, are usually unwise unless it is necessary to 
provide more because of failure of lipase secretion by the pancreas 
Many patients on diets containing 250 grams of carbohydrate would be 
better on a lower carbohydrate ration without insulin 

In the fasting state the slowly absorbed insulin is definitely more 
economical than regular insulin Fewer units are required and in addition 
hypoglycemia is not so much to be feared If calories are allowed at a 
V orking level, this economy diminishes as carbohydrate in the diet in- 
creases When the carbohydrate of the diet is below 100 grams, 60 per 
cent as much protamine zinc insulin as regular insulin will be equally 
effecuve At 100 to 125 grams of carbohydrate, 75 per cent as much 
protamine zinc insulin as regular insulin will be required But little 
economy is observed when more than 150 grams of carbohydrate are 
given in a working diet On the other hand, if undernutrition diets are 
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prescribed, considerable economy is observed with somewhat larger 
carbohydrate allowances 

To many, the plan of giving protamine zinc msuhn m small and 
gradually increasing doses from the beginning of treatment commends 
Itself, especially if ambulatory treatment is necessary There are numer- 
ous advantages in commencing treatment under hospital conditions, 
however In this case it seems preferable to determine whether the 
patient can metabolize a basal diet and then increase the food allowance 
in ladder fashion towards the maintenance level, using regular insulin, 
if necessary, as the required period of observ^ation is far shorter than if 
protamine zinc insulin is used In transferring patients from regular 
insulin to protamine zinc insulin, doses up to 75 umts per day of the 
unmodified insulin are substituted by 60 per cent as much protamme 
zinc insulin given in a single mormng dose However, smce the msuhn 
from this injection is absorbed slowly, it is probable that glycosuria may 
occur prior to the insulin beconung available To obviate this, 60 per 
cent of the balance of the original dose of regular msuhn is given with 
the first dose of protamme zinc msuhn and the remainder of the regular 
msuhn before the evemng meal On the following day, the mommg 
dose of protamme zinc msuhn is accompamed again by regular msuhn, 
as before, but thereafter it is discontinued 

If a patient attains a low normal fasting blood sugar level without 
nocturnal hypoglycemia on a given dietary regime, but shows glyco- 
suria, examination of urine collected every two hours is mdicated to 
determine the time of the glycosuria Onset of glycosuria, not duration, 
IS the more important, though large increases m glycosuria following 
the later meals are also significant Not mfrequently some rearrange- 
ment of amounts of carbohydrate m the various meals may cause the 
glycosuria to disappear Spreading the meals over a larger number of 
hours or smothering the carbohydrate m fat, as suggested by Pollack, 
may be tried, or even a bedtime lunch which may make possible a few 
more units of msuhn without inducing h)poglycemia Should these 
measures fail, one is faced wnth the altcmatn e of using less carbohydrate 
m the diet or of reinforcing the action of the protamme zinc msuhn 
and of the pancreas w ith some regular msulm With severe diabencs 
reinforcing with regular msulm nearly always w-ill be required, as also 
IS usually the case w hen \ ery high carbohydrate allow ances are made 
w ithout shrinking the total calories Regular msulm should be adminis- 



590 


THE BULLETIN 


tered in addition to the previous dose of protamine zinc insulin at first, 
though later it is probable that the protamine zinc insulin may be re- 
duced somewhat Preferably, regular msuhn should be given in the 
morning, close to breakfast time, and it is most convement to give the 
protamine zmc insulin at the same time With protamme zinc msuhn, as 
opposed to the more rapidly acting protamine insulin, there is com- 
paratively little to be gamed by shifting the time of injection by one 
or two hours, so that giving it with the breakfast does not matter except 
as a minor inconvenience to the patient 

Attention should be called to a detail which sometimes is neglected 
Adjustment of the insulins to the requirement of the resting individual 
IS frequently not the most satisfactory for the workmg individual The 
perfectly adjusted hospital patient frequently has difficulty with hypo- 
glycemia on his return to workmg conditions I feel that there is little 
doubt that gradual increases in the diet to a workmg level give the most 
satisfactory results m treating the diabetic but, m approaching the work- 
mg level of the diet from below, it is desirable to arrange increases in 
activity, such as walks or occupational therapy, to simulate the working 
conditions of the patient and thus avoid abrupt alteration of conditions 
on discharge from hospital A little more attention to this point would 
avoid many of the difficulties and disappointments now being experi- 
enced with protamme zinc msuhn 

An occasional cause of glycosuria and, later, hypoglycemia may be 
the failure of the patient to obseiT'^e the caution to mix thoroughly the 
suspension of protamme zmc msuhn in the bottle before removing the 
dose Neither msuhn should ever be injected intramuscularly because of 
the injury to muscle tissue, and protamme zmc insulin should not be 
injected intravenously as most of the prolonged effect is lost and the 
patient is subjected to a certain amount of danger from the protamine 
Itself 

It may not be amiss to point out here that when we were workmg 
with protamine msuhn I introduced the method of layering the two 
insulins m the same syringe and injecting them through one skin punc- 
ture in two places under the skin This was a convenience but is not 
possible with protamme zmc insulin For stabilization purposes, pro- 
tamme zmc msuhn contains both excess protamme and excess zinc so 
that, if mixed in the tissues, all xvill become protamme zmc insulin 
However, it is still possible to avoid the pain of a second skin puncture 
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by using three-quarter inch needles and two syringes A needle is at- 
tached to the syringe containing regular insulin, plunged far, but not 
deeply, under the skin and the contents injected, the needle is almost 
withdrawn, its direction changed, and again inserted to a point some 
distance from the original injection, the empty syringe is now removed, 
a syringe contaimng protamine zinc insulin substituted and its contents 
injected 

The more severe the diabetes, and the higher the carbohydrate con- 
tent of the diet, the more likelihood there is that more than one daily 
dose of insulin will be required In my experience, when more than 50 
umts of protamine zinc insulin are required, it is comparatively seldom 
that the long acting insulin alone will adequately control the patient’s 
metabolism In such instances the change-over morning dose of regular 
insulin, mentioned above, may be continued and usually it will be 
found advisable within the next few days to reduce the protamine zinc 
insulin to 50 per cent of the amount of regular msulin originally used 
No absolute rule can be laid down, however, since results are so much 
dependent upon the original tolerance of the individual, the total calories 
and the proportion of the diet made up of carbohydrate substances 
The useful dose of protamine zinc insuhn is limited by the production 
of nocturnal hypoglycemia This must be avoided At the same time, it 
IS desirable to use sufficient protamine zinc insulin to ensure a low normal 
fasang blood sugar in the morning From this basis the appropriate 
amount of regular msulin may be worked out by watching the post- 
prandial hyperglycemia and glycosuria Experiments have been made 
gn mg the protamine zinc insulin at various times of the day, and some- 
times these are successful Admmistrauon of protamme zinc insulin at 
eleven o’clock at night, so that its maximal action occurs around break- 
fast time m the morning, occasionally has some advantages However, it 
frequently results m hypoglycemia before breakfast Admmistraoon of 
turn smaller doses, morning and evening, may result m utilization of 
more carbohydrate although it does axvay with the convemence of a 
single injection ^^'lth some few patients it may be necessar\^ to give 
protmiinc /me insulin m the morning together avith regular insulin, and 
to administer a second dose of regular msulm later m the day m order 
to keep the patient free of glycosuria In these cases I ha\ e noticed that 
tins usually is a temporarx^ requirement and that later presumably 
because of the benefits of rest to the pancreas the e\ enmg dose can be 
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may be reinforced by regular insulin at any time, if necessary Protamine 
zinc insulin Mali do the Mmrk if time is available However, it is not 
ahvays Mase to allay the alarm of the careless patient and his neglectful 
relatives 

Coma IS an emergency and should be treated as such Today patients 
die, not of coma, but of the circulatory failure induced by coma Properly 
treated Math large doses of regular insulin, they should be out of coma 
before any considerable effect could be expected from protamine zinc 
insulin To smooth the course of the immediate after-treatment and to 
prevent protein breakdoMm benveen periods of activity of the regular 
insulin, a dose of protamine zinc insulin admimstered early might sen^ 
a useful purpose But if sufficient regular msulin is being used to ensure 
maximal conversion of metabolism to a carbohydrate type, it is difficult 
to imagine any occasion for its employment 

When Fletcher and I first described the clinical syndrome hypogly- 
cemia, M'^e felt It of the utmost importance to impress on those using 
msulin the dangers of the neu’’ drug Insulin hypoglycemia is still danger- 
ous but, in most instances, not to the degree M^e had anticipated Today, 
insulin hypoglycemia, M^hen induced by protamine zinc insulin, is 
dangerous in comparison Math regular insulin, but the number of reac- 
tions IS cut doMm materially The danger lies partly in the insidious 
onset of hypoglycemia and in the tendency to recur m hen once cured 
Math soluble carbohydrate The older symptoms M'^ere associated Mith 
speed in the fall of the blood sugar, the neM''er insulin often steals av av 
the blood sugar so gradually as to excite almost no symptoms until 
severe reaction levels are attained Also, even Math the immediate reac- 
tion cured, the remaining unabsorbed insulin on entering the blood 
stream may cause repetition of the reaction some hours later A^'hile 
the M^ell-knoMm symptoms are encountered in some cases, hypoglycemia 
Mith the new insulin is often accompanied by a sensation of undue 
fatigue, negativism, slight headache or nausea and evidences that the 
normal repressions are lacking Signs of deficient cerebral control, as in 
mild alcoholic intoxication, are more prominent features of the nev 
picture SomeM hat greater difficulty is experienced in controlling reac- 
tions vTich have progressed to this blood sugar level but soluble carbo- 
hydrate administered by mouth is effective usually and can be reinforced 
by intravenous glucose if necessary Until some starchy food is obtain- 
able, soluble carbohydrate in small doses should be repeated each thirty 
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minutes Bread and honey or bread and corn syrup form an effecave 
antidote both for the immediate relief of the patient and for his protec- 
tion against a subsequent attack when more msuhn has been absorbed 
into the blood stream from the site of injection 

Unless precipitated by gross overdosage, fasting, mdigestion, diarrhea 
or unusual and excessive exercise, reactions due to protamine zmc insulin 
administered in the morning will occur after sue o’clock m the evemng 
With protamine zinc insulin, a reaction due to exercise may be delayed 
for many hours Therefore, marked variations in the routine of hvmg 
from one day to another should be avoided as much as possible to 
minimize this risk When both insulins are being used in the mornmg, 
any reaction due to regular insulin will occur during the day and if a 
supplementary dose of regular insulin is used at supper time, a reaction 
due to It will occur before midnight While not mvariable, these rules 
indicate which insulin may require reduction Not less than five umts 
should be removed from a protamine insulin dose while uvo umts 
reduction may suffice to abolish hypoglycemia from the regular msuhn 
Local swelling due to the injection of protamine zinc ins ulin con- 
tinues longer than that from unmodified msuhn and may cause more 
prolonged discomfort Sensitization reactions sometimes appear with 
increased local swelling edema, urticaria, pruritus and e\en general 
symptoms may occur on rare occasions In my own experience these 
have been usually of minor importance and were allayed by cold com- 
presses or by allowing a saturated solution of magnesium sulphate to 
dry on the skin Spontaneous desensmzation usually will occur m two 
to three weeks if treatment is continued iMore severe degrees of sensi- 
tization occur m patients \\ ho are already sensitive to the protein of the 
species from which the msuhn is derived or m patients who have dis- 
continued the use of msuhn at some previous time These are due usually 
to sensitization to the accompanying traces of species’ protein but occa- 
sionally are due to msuhn itself When due to protein sensitizaaon, 
another preparation of protamine zmc insulin may be tried or the patient 
may be given regular msuhn derived from another species for a time, 
then gradually desensitized by substitution of small, but gradually in- 
creasing, doses of the offending insulin Alternam ely, cr\"stallized insulin 
may be used and gradual desensmzation earned out If the patient is 
sensitu c to insulin itself, he may be placed on an under-nutnnon diet 
and desensmzation earned out with cr\*stalhzed msuhn either by the 
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Besredka or by the slow method, injecting the insulin in appro\imately 
the same spot repeatedly, as local desensmzaaon precedes the general 
process 

Though antigemc properties of protamines have been denied, some 
cases of sensitization have been stated to occur It is far from clear that 
they are not due to slight traces of accompanying fish protein rather 
than to the protamine itself We have failed thus far to encounter this 
difficulty which doubtless could be surmounted by placing the patient 
on unmodified insulin temporarily and desensitizing with small doses of 
protamine zinc insulin or pure protamine solutions 

The greatest source of difficulty with protamme zinc insulin is 
impatience This insulin is slow acting and cumulative and ome is re- 
quired for its full action to develop Premature increase in the dose to 
hasten the action results in hypoglycemia, though on the same day the 
patient may have had glycosuria from the carbohydrate of the meals 
Not less than four to seven days on a certain regimen is adequate to 
determine whether it is satisfactory, though it may be possible in shorter 
time to determine that a program is unsatisfactory Hasty conclusions 
on this pomt should be avoided 

Finally, with adequate preliminary investigation and control, all 
diabetic patients requiring insulin will do better on protamine zinc 
insulin, or on a combination of protamme zinc insulin and regular 
insulin No suggestion that a complete solution of the problems of the 
most severe and unstable cases of diabetes has been accomplished is 
warranted but we have been gratified to find that better control of such 
cases may be obtained by the use of protamine zinc insulin than v'as 
previously possible and many are markedly improved For those with a 
lesser degree of severity, one may say there is an improvement in their 
general health, a reduction of the number of doses, economy of insulin, 
improvement of the twenty-four hour blood sugar level, and superior 
control of azoturia and ketonemia There is also a diminution in the 
frequency of reactions though, when these do occur, they may be more 
difficult to diagnose and treat effectively The patient has much greater 
freedom of action, and there are numerous indications that a slow but 
ver}’' definite improvement of tolerance occurs in some cases Protamme 
zinc insulin has multiplied the problems of the physician treaang the 
patient but for the latter, when he has been successfully stabilized, the 
outlook is improved immeasurably 
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THE TREATMENT OF POSTABORTAL AND 
POSTPARTUM SEPSIS, WITH SPECIAL 
CONSIDERATION OF SULFANILAMIDE AND 
ALLIED DRUGS^ 

Edward G Waters 


CONSIDERING new therapy for old diseases, we must 
not repeat an error of the eighteenth century, when the 
medical world forgot the teachmgs of White of Man- 
chester, grudgingly to relearn them seventy years later 
from Semmelweis There is much new to be learned 
and much old to be remembered in the treatment of postabortal and 
postpartum sepsis 

Postabortal sepsis usually follow s induced, rarely spontaneous, abor- 
tions There is generally the element of remvasion of the uterine cavity 
without adequate asepsis, and usually there is retained detritus Smce 
the uterus is of smaller size than in the postpartum state, with less 
developed venous circulation, septic thrombophlebitis is less often seen 
than in puerperal sepsis, and submvolution is not a common factor in 
causing postabortal bleeding Traumatic invasion of the uterine wall or 
perforation make direct peritonitis a more common complicanon in 
postabortal infecuons Therapy in postabortal sepsis more frequently 
demands gentle removal of infected, necrouc mtrautenne debris, than m 
postpartum infections Otherwise, these tvvo conditions resulting from 
septic invasion of a uterus recently pregnant may be considered together 
from the standpoint of therapy 

Before detailing treatment, it is important first to consider some of 
the factors and agents wLich make it necessary We have spoken of 
unclean intrauterine manipulanon followed by remvasion, wi^ incom- 
plete emptying of the uterme contents, as responsible for an overwhelm- 
ing nn)orirs’’ of postabortal septic cases Here as m postpartum sepsis, 
w e ha\ e bacterial transplant into a ferale field wuth open tissue spaces 
and a csscls In postpartum sepsis there is generally a history of loner, 
exhausting labor wath terminal traumatizing operative vaginal delu cry. 
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associated with larger breaks in continuity of tissue than is commonl) 
encountered with spontaneous vaginal delivery But we must remember 
that even in normal cases, the uteroplacental site is a huge open v ound, 
filled with soft blood clots occluding large sinuses, and the cervix is the 
site of multiple small abrasions and areas of superficial necrosis Obii- 
ously, the groundwork for bacterial invasion is always present in the 
postpregnant genital tract 

Infective organisms must come from somewhere to produce infec- 
tion and the sources are either endogenous, from the patient herself, or 
exogenous, introduced by another person, directly or indirectly ^Yc 
cannot deny the possibility that the normal bacteria in the vagina sud- 
denly change from innocuous to virulent forms when conditions are 
unusually favorable But we do knoAV that such change is unusual and 
that a bacterium generally maintains and seldom alters the inborn 
virulence of its own generation A marked depression in the resistive 
factors of an individual might endow such an organism with a relative 
increase in virulence This is true especially of the anaerobic non- 
hemolytic streptococcus But it is my belief that most bacteria of high 
invasive properties are introduced shortly before, during or after the 
uterus IS emptied The high proportion of infected cases occurring in 
women who have had exhausting labors and traumaozing deliveries, 
pregnancy toxemias, chronic systemic disease, or excessive blood loss 
IS significant It suggests that invasion and diffusion, which characterize 
the degree of bacterial virulence, are also dependent upon lowered 
resistive factors 

An analysis of operative deliveries will show morbidity thrice that 
for normal cases if the membranes have been ruptured and/or the 
patient in labor more than twelve hours Likewise, vaginal examinations 
introduce a danger that becomes serious when they are unclean or 
frequently done Routine rectal examinations are far safer for the 
mother, and inherent hazards for the fetus are minimized by supplement- 
ing rectal with vaginal examinations when in doubt 

Certain changes m the maternal organism, such as increased blood 
volume, increased circulatory, metabolic and cellular activity, and in- 
creased phagocytosis, promote greater resistance to infection during 
pregnancy Over and above this are the natural resisave factors to be 
found in all fixed and circulating tissues, and in the event of infection, 
acquired immunity developing in the host 
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The types of organisms are numerous mcludmg various strams of 
streptococci hemolytic, non-hemolytic, aerobic and anaerobic, various 
staphylococci, colon bacillus, gonococcus and pneumococcus, as well 
as the gas-forming anaerobes The streptococcus and staphylococcus 
account for about 95 per cent of all puerperal infection, and mne of ten 
cases assuming any serious degree of virulence are caused by strepto- 
cocci The gonococcus and colon bacillus rarely cause virulent sepsis, 
the latter is generally a parasite or saprophyte 

The pleomorphic character of the infecting agent, and the varying 
response of the host make the determination of the responsible organism 
almost indispensable to antibacterial therapy But with streptococci and 
staphylococci accounting for nearly 95 per cent of all postabortal and 
postpartum sepsis, we may presume one of these to be the active agent 
when bacteriologically it is impossible to indict the responsible organ- 
ism This, as we shall see, is an important therapeutic premise 

Manner of iNtAsioN 

There are nvo routes by which invasion of the infecting organism 
progresses 

1 Through the vessels at the placental site This is often seen in 
virulent postpartum streptococcic mfections or with infected incom- 
plete abortions Then, too, extension of this mfecuon with thrombosis 
of the veins m the broad ligaments is commonly seen with orgamsms of 
low virulence, generally emanating from infected veins m the sub- 
placental area Here most commonly noted are the anaerobic streptococci 
M'hich pass on to low-grade pelvic thrombophlebitis While there is 
much concerning thrombus formation v hich v e do not know, one fact 
M c do know IS that the most important factor m the production of a 
thrombus is venous wall infection, whether it gets there by uay of 
pern enous h mphatics or through the damaged endothelial lining M'lth 
infection at the uteroplacental site, the infecting organism reaches the 
lacerated \ cssels and initiates a process, the extent of v hich is determined 
bv the character of the organism the resistance of the host, and the 
rapidity vith vhich the resistne forces can be mobilized With a \iru- 
Icnt organism and little resistance the thrombosis may not extend beyond 
the uterine v all and the patient may succumb v ithin a feu days u ith 
no im oh cment of the larger \ eins With marked resistance and lessened 
\ irulcncc the process of thrombus formation may progressn ely in- 
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volve the vessels of the broad ligament, pelvis and the vena cava, and 
the duration of the infection may last for weeks The frequent occur- 
rence of emboli and infarction complicates the picture and alters the 
treatment 

2 Through the lymphatics Infection by way of the lymphatics of 
the uterus and broad ligament, and reaching the general circulation 
through the thoracic duct, is another path of mvasion This route is not 
commonly followed but when occurring, is associated with a highly 
virulent form of general sepsis, with a paucity of pelvic symptoms and 
pathology Peritomtis may occur subsequent to lymphatic mvasion, 
through extension from the broad ligament or subserosal lymphatics to 
the peritoneum 

Prophylaxis 

The lessening of the incidence of infection and death from abortions 
lies in respect for moral and medical ethics and in abolishing the per- 
formance of surgically unclean abortions Where therapeutic abortion 
IS indicated, proper hospital management and care will adequately solve 
the problem Judicious distribution of adequate instruction in birth con- 
trol should minimize the need for abortions 

Prophylaxis of puerperal infections can be summed up m two words 
—good obstetrics We may subdivide those two words mto their applic- 
able component parts i) during pregnancy, 2) during labor, 3) during 
delivery and 4) in the postpartum state Prenatally, it is necessary to 
appraise the general condition of every mother through complete 
physical examination with detection of any systemic disturbances or 
abnormalities An adequate and proper pelvic exammation will give an 
estimation of the pelvic capacity upon which a prognosis can be made 
before labor begins Avoiding the development of toxemias is also im- 
perative since they notably increase the incidence of puerperal sepsis 
Proper dietary control with intake of vitamins A, C and D, especially in 
the last half of pregnancy, requires stressing Oral cleanliness and routine 
gargling is advocated for all patients with a history of recurrent sore 
throat and upper respiratory infections Common sense observation of 
the patient, in addition to the use of the stethoscope, the manometer, the 
test tube, and weight scale, afford protection to most expectant mothers 

During labor a few essentials must be observed Any examination 
must be cleanly made, whether rectal or vaginal Rectal examinations 
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m the presence of a vaginal discharge require care, since the posterior 
vaginal wall must be pressed against the cervix No pregnant patient 
should be touched during labor by an attendant without thoroughly 
scrubbed hands A mask, preferably an impermeable type of mask, 
should be used during an examination The vulva of the patient must 
be properly prepared and cleansed There is considerable difference of 
opinion as to the value of vaginal antiseptics routmely used during labor 
Reports as to their value are contradictory, yet it would seem good 
sense to use some worthwhile type of intravagmal antisepsis m all 
patients who present themselves in labor with a vagmal discharge All 
personal contacts with patients in labor should be checked and re- 
corded, and streptococcus carriers, especially those with infections in 
the upper respiratory passages, should be barred from labor and delivery 
rooms All potentially or actually infected patients should be isolated and 
treated apart from the others in labor 

Dwing Delivery The infection rate is high m patients with long 
labors and ruptured membranes especially when complicated by trauma- 
tizing delivery It is important to recognize early in the second stage 
the need for terminating labor by operation, if one would avoid an 
unduly high incidence of infection Prolonged general anesthesia is 
to be condemned, for properly given spinal anesthesia, gas-oxygen, or 
local anesthesia Avith a patient well under analgesia, is far safer During 
labor the patient should be protected against undue exposure and heat 
loss Excessive loss of blood during delivery materially lessens resistance 
The “ 1 2-hour safe period” should be observed for cesarean section 
cases This means that the operator should decide, if able, within twel\ e 
hours of the onset of labor or within uvelve hours of the rupture of the 
membranes as to whether or not a cesarean section need be done The 
incidence of infection in this group under nvelve hours is not higher 
than for \aginal deliveries Where the membranes have long been 
ruptured and the patient long in labor, with or without fever, an extra- 
peritoneal cesarean section should be seriously considered It will pro- 
tect from marked morbidity, and possible death, many patients in the 
potentially infected groups 

Postpartum Excessive blood loss should be replaced by transfusion, 
M ith intra\ enous glucose to maintain blood \ olume and pressure until 
blood IS a\ iilable E\ er^- bleeding and evcr^- toxemic case should be tapped 
before dclu cr\ ind a suitable donor held v ithin call In\ olution should 
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be hastened by the use of oxytocics Prophylactic chemotherapy, of 
M^hich I shall presently speak, should be used m presumably infected 
cases All symptoms of shock should be overcome immediately In 
applying the postpartum perineal pads one should avoid massaging 
bowel content into the vagina Extreme care is needed when catheteriz- 
mg the patient and giving enemas, especially when perineal incisions or 
lacerations exist The perineal attendant should be masked, and if there 
are any upper respirator^'- infections, nothing but an impervious mask 
should be used All infected cases should be isolated 

Treatment 

Since the patient’s recovery depends upon the outcome of a battle 
between the invading organism, with its virulence, volume and rapidity 
of spread unknown, and the patient’s own resistive forces, obviously it 
IS all important to assist m conserving her mental, moral and physical 
resources She is kept happy in a light, airy room, free from noise and 
disturbance An appetizing, high caloric diet supplements copious water 
and fruit") uice ingestion High position m bed and frequent, gentle turn- 
ings combat hypostasis without involving too great danger from throm- 
botic emboli A low enema daily evacuates the bowel, and distention is 
relieved by rectal tube and injections of prostigmin or pitressin Relief 
of pain and avoidance of exhaustion call for pantopon or morphine, 
and denial of visitors Diarrhea is checked Muth starch and opium 
enemas, and alcohol sponging with ice caps to the head symptomatically 
relieves the hyperpyretic crises The only surgical treatment of post- 
abortal infections consists m removing retained infected detritus from 
the uterus with sponge stick and forceps Cul de sac abscess and pus 
accumulations pointing in the inguinal region, occasionally seen in post- 
abortal or postpartum sepsis, require draining w'hen pus is present in a 
recognizable amount Unless the uterus must be emptied of its contents 
because of hemorrhage, it is usually best left alone Douching is em- 
ployed only to remove the fetid material and discharge which is com- 
monly noted m anaerobic infections Oxytocics and short wave therapy 
hasten involution When m doubt the safest thing by far is non- 
manipulation of the uterus 

It IS necessar}'^ to actively combat the invading bacteria There are 
ways m Avhich this may be attempted, namely, vaccine therapy, serum 
therapy, non-specific therapy, blood transfusion and chemotherapy 
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Vaccine therapy has been largely abandoned m the treatment of 
puerperal and postabortal sepsis, and there is no reputable record indi- 
cating that It IS of value The time element alone militates against its 
success Active immunization is of doubtful theoretic worth Too many 
patients would have to be immunized against too many possible infec- 
tions to make it seem worth the effort 

Serum therapy is not new, having been introduced in France in 
1895 Habitually it is being rediscovered and optimistically brought 
forward as a sure-cure, generally by that man who “once had a case ” 
Such favorable reports as are available seem to indicate that the bene- 
ficial results obtained are through antitoxic rather than bactericidal 
action Often the results are similar to those of non-specific protein 
therapy It is quite possible that worthwhile sera may yet be produced 
To date, we are still waiting 

Non-specific therapy is a stepchild of vaccine therapy, and is de- 
pendent upon the effects of a generalized systemic reaction induced by 
some agent, such as a split protein It is very difficult to assess honestly 
the value of this form of treatment, but we think it may be of use in 
low-grade chronic infections associated with little systemic reaction It 
induces a leukocytosis, fever, and promotes phagocytosis In virulent 
infection, when there is evidence of marked systemic reaction, its value 
IS \ery dubious A good preparation is 5 to 10 cc of fat-free boiled milk 
given intramuscularly daily 

Blood transfusions are invaluable in sepsis Used adequately and 
early, they combat shock and blood loss and often prevent sepsis, and 
once sepsis appears, counteract the anemia which rapidly develops In 
a sense transfused blood acts as a non-specific agent and stimulates the 
reticulo-endothehal system of the recipient to increased cellular antigenic 
resistance In combating active infccuons, it is our practice to give 
transfusions of 150 to 250 cc of blood at inten’^als of two to four days 
These are either direct or citrate, if the latter, the blood may be taken 
from a blood bank or if from a single donor, a large amount may be 
taken and kept to be distributed over a period of days in small amounts 

In our opinion specific immunotransfusions are of unusual \alue 
\\ e have seen enough favorable and occasionally startling responses to 
make us believe in their asorth Donors are so difficult to get and the 
bacterial strains so numerous how e\ cr, that this is a little used therapeu- 
tic procedure V'hen the hemoglobin and red cell volume is high, as 
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seen by blood count and hematocrit determinations, then the cell-free 
serum of the specific blood may be used, in 150 to 250 cc amounts 
ever)'^ other day Otherwise, the whole blood is used 

Chemotherapy 

Chemotherapy in sepsis is the attempt to sterilize the blood stream 
and infected tissues of the patient by an injected or an ingested chemical 
agent In years past, almost everything has been tried, and the optimistic 
claims for perennial cures leaves us doubtful and cynical 

The latest agents to gam attention are the derivauves of sulfanilamide 
and sulfanilamide itself The first article in English by Colebrook and 
Kenny focused attention on the possibilities of specific chemotherapy m 
puerperal infections Using prontylin and prontosil, now known as neo- 
prontosil, Colebrook reported results not attainable with other forms of 
therapy Since then, experiments and analyses by Long and Bliss, Brow n, 
Fuller, Coman, Bannick, Lockwood, Coburn and others, have improved 
our understanding of the action, dosage and dangers of sulfanilamide 
and Its compounds Since sulfanilamide and neoprontosil are the two 
drugs in most common use, we will confine our discussion to these 

Seemmgly these two drugs exert the same therapeutic effect In addi- 
tion, neoprontosil may be given intramuscularly to patients who are 
unable to take the drug by mouth Recent experience with another sulf- 
anilamide derivative, sulfapyridme, would tend to verify the existing 
belief that the action of neoprontosil is due to its own molecular consti- 
tution, rather than the amount of sulfanilamide which its reduction in 
the body liberates Gross, Cooper and Lewis have indicated that neo- 
prontosil has the ability to inhibit the hemolysin of hemolytic strepto- 
cocci, while Huntington demonstrated that sulfanilamide exerted no 
such inhibition Both drugs seem to inhibit growth and damage the 
organisms affected, permitting marked phagocytosis by leukocytes and 
later monocytes The work of Long and Bliss indicates that this is true 
Colebrook and Kenny demonstrated inhibition of the growth of the 
organisms themselves if the drug is given sufficiently early Apparently 
there is no chemotropic effect and according to Coman the drug does 
not attract leukocytes These drugs act as chemotherapeutic agents com- 
bating not only the organism but its toxic effect, but do not kill off 
directly the infectious organisms themselves Organisms subjected to 
their effects lose virulence, and their growth is inhibited Lockwood and 
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his co-workers believe that the drug interferes with the faculty of viru- 
lent hemolytic streptococci to obtain nitrogen from the serum protein 
or necrotic substances Thus, we may say that while the exact mech- 
anism of its antibacterial activity is not clearly known, and while end 
results of toxicity are yet to be resolved, sulfanilamide and its derivatives 
possess specific chemotherapeutic action upon certain bacteria Neo- 
prontosil seems to be tolerated somewhat better than sulfanilamide and 
IS less toxic Like sulfanilamide, it is rapidly excreted, about 90 per eent 
being eliminated in the urine within five hours of its administration 
The toxic symptoms ascribed to sulfanilamide and its derivatives ap- 
pear to be caused by a sensitivity to the drug and an idiosyncrasy toward 
it The symptoms are generally mild and are referable to the gastro- 
intestinal and central nervous systems Nausea, anorexia, malaise, di/./A- 
ness, tinnitus and mental confusion arc among the earliest symptoms 
noted Cyanosis occurs in 25 to 50 per cent of cases after sulfanilamide 
ingestion, is much less frequently noted with neoprontosil and is rarely 
of moment It is due in part to methemoglobinemia and sulfhemoglobin- 
emia Curtailment or temporary suspension of drug dosage leads to com- 
plete cessation of the symptoms A progression of the symptoms leads 
to cramps and diarrhea, paresthesias, fever, abdominal and precordial 
pains, maculopapular skin rash, progressive anemia, hepatitic or hemo- 
lytic jaundice, and granulocytopenia These toxic symptoms are made 
worse by any existent renal or blood diseases or hepatic deficiencies 
The blood count and blood smear must be watched and the drug dis- 
continued if symptoms persist or recur, or if there is evidence of agranu- 
locytosis In our own experience, we had one case of agranulocytosis 
develop under sulfanilamide therapy with an eventually fatal outcome 
The organisms especially influenced arc the hemolytic streptococci, 
gonococci, colon bacilli, and B melitensis Little effect seems to be noted 
in infections with Streptococcus viridans, hemolytic and non-hcmolytic 
staphylococci, tubercle bacilli and pneumococci The more recently 
developed sulfapyridine promises better results in some of these infec- 
tions, notably against pneumococci 

Observation on the absorption and excretion of the drug indicates 
that an equilibrium can be established and a constant blood concentra- 
tion maintained b) repeating the drug dosage at four-hour intervals A 
level of 5 to 10 milligrams per 100 cc of blood is an optimum level for 
most infections Long advocates a concentration of 10 milligrams per 
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loo cc of blood attained early and maintained until definite clinical 
improvement has been obtained or until tovic symptoms force discon- 
tinuance of the drug More recently he has advocated even higher con- 
centrations although in our experience it is extremely difficult to attain 
them In milder cases effects may be obtained by administering 6o to 90 
grains a day distributed in six doses at four-hour intervals Another 
means for calculating dose is by the body weight, giving 15 grains daily 
for every 20 pounds of body weight in four or six doses Thus the dose 
for a person weighing 1 60 pounds would be 1 20 grains or 20 grains e\ er) 
four hours The usual dose of neoprontosil ranges from 5 to 15 grains 
every four hours Both drugs preferably are given with the stomach 
relatively empty to avoid discomfort and nausea When the blood sulf- 
anilamide level can be followed, give relatively heavy doses at first in 
order to obtain the desired blood concentration, and then dimmish the 
dose to the point at which the attained level may be maintained When 
parenteral use of the drug is indicated, o 8 per cent solution of sulfanila- 
mide in physiologic saline solution is given, or neoprontosil solution 5 to 
10 cc of a lYz per cent solution intramuscularly every four hours In 
calculating neoprontosil solution according to body weight, i cc of a 
2 V2 per cent solution is given for each pound body weight up to 1 20 
pounds which represents the maximum daily dosage Again, this is 
divided into four or six injections a day Clinical improvement may 
be expected within forty-eight hours, and the dosage commonly dimin- 
ished thereafter In using sulfanilamide or neoprontosil it is essential to 
continue treatment well beyond the time when the blood culture is 
negative and the patient seems free of infection Disregard of this ad- 
monition will result in frequent recurrence and relapse 

In a two-year period, representing 10,830 deliveries, we had 464 
cases morbid with pelvic infection The majority were mild cases of 
endometritis subsiding under a regime which consisted of postural drain- 
age, short wave therapy, oxytocics, avoidance of internal or external 
manipulation involving the uterus, and maintenance of the patient’s gen- 
eral systemic condition with frequent use of blood transfusion There 
were some cases of localized parametritis which responded satisfactorily 
to short vmve therapy of the pelvis, foreign protein injections, bowel 
hygiene, pain relief and sedation 

Fifty patients were treated with sulfanilamide and there were four 
deaths in this group Eleven patients had repeated positive blood cul- 
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tures, nine of which were hemolyac streptococci and one non-hemo- 
lytic Eight of these ten patients with streptococcic septicemia recov- 
ered, a result which was not paralleled in our previous experience when 
sulfanilamide or neoprontosil were not available AU other forms of sup- 
portive therapy were used exactly as heretofore, this time m conjunction 
with these drugs One of the deaths ascribed to pentomtis following 
hemolytic streptococcic septicemia did not have adequate sulfanilamide 
therapy The total dose was only 320 grains and the drug was then 
stopped because the blood count dropped to less than 3,000 white cells 
Other therapy was continued including repeated small blood transfu- 
sions totalling 1500 cc of blood over a period of ten days The second 
patient to succumb with a hemolytic streptococcic septicemia was a 2 8- 
year old multipara admitted to the hospital in a desperate condiGon with 
postabortal sepsis after having had an abortion performed fourteen days 
earlier The total amount given her was 125 grams (nearly 2,000 grains) 
of sulfanilamide given over a period of twenty days with a blood pron- 
tylin v'^hich ranged from four to as high as twenty, with the level being 
generally maintained at about 10 milligrams per 100 cc She eventually 
died and at autopsy was found to have muluple lung abscesses There 
was one patient with a positive B coli septicemia who recovered Of the 
thirty-nine patients whose blood cultures were either negaove or not 
done, two died, one from an abruption of the placenta followed by 
cesarean section and pentomtis, and the second, from regional deitis 
with postpartum intestinal obstruction, operation, and terminal perito- 
nitis The total sulfanilamide or prontylin dosage m the first case Mas 
150 grams over ten days, and the second had neoprontosil solution 200 
cc over a period of seven days Obviously both of these dosages M'ere 
inadequate Judging from our experience in these fifty cases, it would 
seem best to give a heavy initial dose to attain an early therapeunc effect, 
give It early m the course of the disease, and maintam it, to avoid recur- 
lence, unnl the patient gives clmicopathologic evidence of resistance or 
cure of the infection and is also sv’^mptomatically xvell We. have not 
before experienced such success in handling postabortal and postpartum 
sepsis associated m ith blood stream infections as has been our lot since 
using stilfanilamide and neoprontosil 

TRctTxiENT or Pa El ms ix PREGxxxca 
^^'c ha\e records of only sixteen cases of pyelitis of pregnancy 
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treated with sulfanilamide or neoprontosil To evaluate it as a urinarv 
antiseptic, it is necessary to determine whether the pyuria is an evidenee 
of pyelocystitis or whether there is a coexisting pyelonephritis The 
physiologic dilatation of the ureter with sluggish or absent peristalsis and 
atony, resulting in urinar)'- stasis, makes pyelitis a common complication 
of pregnancy and one which is often treated with difficulty Until re- 
cently our procedure has been to handle these cases consen'^atively with 
the standard urmary antiseptics unless the patient had a temperature and 
gastrointestinal symptoms, or seemed to have systemic disturbance as a 
result of infection About six years ago we instituted ureteral catheter 
drainage for prolonged periods of two to seven days, with renal pelvic 
lavage This treatment, combined with free use of transfusions to combat 
co-existmg anemia, seemed to relieve most of our severe cases With bac- 
teriologic determinaaon of the causative agent, urotropin seems suffi- 
cient for many cases of colon bacillus mfecuons, although sulfanilanude 
IS the best urinary antiseptic that we have encountered yet for other 
forms of organisms except Streptococcus fecahs 

^^hth this last named organism, mandelic acid or ammomum man- 
delate seems to be most useful A dosage of 45 to 60 grains of sulfanila- 
mide a day is usually sufficient and will give a blood concentrauon of 
3 to 4 milligrams per 100 cc of blood, accordmg to Long and Bhss 
This dosage of 10 grains every four hours is carried out day and night 
Barr reports a series of sixty-four cases with cures of mild and severe 
forms of pyelitis in four to fourteen days using much smaller dosages 
It IS too early for us to evaluate our experiences with sulfanilamide and 
neoprontosil in pyelitis, although we may say at this time that we are 
favorably impressed with our results to date 
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pshshshshshszQxfectiox of the urinary tract is one of the commonest 
K H diseases of man, its recognition and successful therapy is 

H I m a matter of everyday clinical concern Etiology and 
g g pathogenesis must be appreciated if rational therapy is 

Sesbshsh51S2sS to be instituted Only the high points of the climcal and 
therapeutic problem will be considered, theoretic consideranons and 
controversial phases must necessarily be eliminated from the present 
discussion In the treatment of these infections, the medication employed 
IS often of secondary importance, rather it is essenaal that the accessory 
etiologic factors, which are predominantly obstructive, be recognized 
and adequately treated Failure to recogmze the existence and nature of 
these accessory factors accounts for most therapeutic failures The intro- 
duction of mandelic acid, sulphanilamide and, in persistent staphylo- 
coccal infection, neoarsphenamine has effectively relegated the formerly 
employed antiseptics such as methenamine, pyridium, acnflavme, cap- 
rokol, and methylene blue 

Etiology The bacterial invaders are conveniently classified accord- 
ing to their Gram-stain reaction The Gram negative organisms are pre- 
dominantly bacillary and of the colon-typhoid group Of these, the B 
coll eschenchia is the commonest invading organism yet B lactis aero- 
genes IS of only slightly lesser incidence Therapeutically it is extremely 
important to know which organism is present since B lactis aerogenes 
IS far more chemoresistant than B coli eschenchia Gonococcal infections 
of the upper urinary tract are too rare to merit discussion here The 
ammoniogenic proteus bacillus is encountered in 8 to lo per cent of per- 
sistent urinarx’" infections 

Of urinary tract invaders, the Gram positive staphylococci are out- 
numbered only by Gram negative colon bacilli and bacteriologic studies 
made during the initial stages of acute urinan’’ infection have sometimes 
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indicated an even higher incidence of staph)dococci than colon bacilli 
In urinary infection the albus and aureus varieties of staph)dococcus are 
of equal importance and pathogenicity Streptococci are found in about 
a third of all cases of mixed urinary infection The beta hemolytic 
variety is usually readily susceptible to sulphanilamide therapy 

The accessory etiologic factors in urinary infection merit scarce^ 
less attention than the bacterial invaders themselves Lesions v Inch cause 
urinary stasis or urinary constipation are of greatest importance It 
should be distinctly understood, however, that urinary infection niav 
occur, and commonly does, in the absence of urinary obstruction \et 
here the infection usually disappears readily and is most unhkeh to 
become a serious therapeutic problem 

Obstructive lesions in adults are generally acquired, but in children 
are usually associated with congenital malformation The obstruction 
may be transient, as observed during pregnancy, at which time uterine 
compression of the ureters as they cross the bony pelvis produces urinary 
back pressure with dilatation of the upper urinary tract Here the intro- 
duction of bacteria or the revivification of existent organisms is com- 
monly followed by clinically important urinary infection Therapeu- 
tically, recognition of the improper urinary drainage and its correction 
by the inlying ureteral catheter, may usually be relied upon to bring 
these patients through normal and satisfactory delivery In an eight 
V eeks old girl I examined because of persistent acute “pyelitis,” urologic 
mvestigation disclosed an infected hydronephrosis secondary to con- 
genital right ureteropelvic junction stricture Passage of the catheter 
coincident to urologic examination restored urinary drainage sufficient 
to cause the temperature to drop to normal m 24 hours These citations 
illustrate the importance of considering and treating the associated 
etiologic lesions in urinary infections of all varieties 

Koutes of invasion In discussing infections of the urinary tract the 
infection is assumed to be predominantly renal Yet ve knov that 
sometimes the urinary infection which is commonly, loosely and in- 
adequately designated pyelitis, is confined to the lower urinary tract 
Here the infection doubtless enters through the urethra On the other 
hand, the “cystitis” myth should be laid Cystitis as an independent 
lesion IS practically unknown, in most cases thus diagnosed because of 
urinary disturbances, the vesical inflammation is secondary to renal 
mfection, known or unrecognized, or to posterior urethral or prostatic 
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inflammation with or ^\lthout infection When “cystitis” exists, con- 
sider It secondary to renal infection until proved otherwise 

In most urinary tract infections the invading bacteria reach the 
kidney through the blood stream or by lymphohematogenous invasion 
from a primary focus elsewhere In direct hematogenous infection the 
organisms are usually derived from an enteric, cutaneous, respiratory, 
or dental focus, yet the bacteria may be present as etiologic factors in 
a specific systemic disease such as typhoid In lymphohematogenous in- 
vasions of the kidney, the primary focus is frequently in such pelvic 
organs as the Fallopian rubes, seminal vesicles, or prostate The bacteria 
are absorbed by and transported through the lymphatics, reaching first 
the lower regional pelvic lymph nodes and passing thence into the 
thoracic duct and general circulation 

Pa.thologx Convincing experimental evidence indicates that the 
kidney is not a bacterial filter, bacteria cannot pass the epithelial barrier 
of the renal collecting system without producing tissue injury even 
though the injury cannot be later histologically demonstrated This 
point is of vast importance in the consideration of renal bacteriuria, the 
demonstration of which must be accepted as indicative of bacterial 
kidney injury, predominantly of the cortex 

The terminology of urinary infection merits brief consideration 
As previously indicated the term pyelitis has been loosely applied to all 
varieties of urinary tract infection In the usual renal infection the 
pathologic picture is that of an interstitial suppurative pyelonephritis 
in wdiich the parenchymal lesion is of grave importance w’^hile the pelvic 
lesion is generally negligible Yet there are several pathologic conditions 
wduch may clinically simulate so-called acute pyelitis or acute pyelo- 
nephritis The more important of these conditions are 

Bactei nn la In this condition the urine is usually hazy or opalescent 
with bacteria and if bacillary organisms predominate, the condition is 
designated as a bacilluria Pus cells are few in number and often are 
entirely absent In bacteriuria, the infection is commonly confined to 
the lower urinar^^ tract yet the likelihood of upper urinary tract in- 
volvement cannot be disregarded In bacteriuria, the institution of free 
urinarN' drainage, and the liberal administrauon of the new er antiseptics 
w ill usually sterilize the urinary tract 

Pyelitis Renal infection limited to the pelvis has not been saosfac- 
torilv demonstrated in the human being It has been obser\ed durino- 
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the first few hours of experimental renal infection, especially of the 
ascending variety Yet after nvo days it has been impossible to deter- 
mine histologically whether the animal’s renal infection was ascending 
or hematogenous I strongly feel that until an adequate examination has 
been made, it is more proper to designate the condition as an acute or 
chronic urinary infection than to attempt a specific and pathologically 
undemonstrable diagnosis, such as pyelitis 

Pyelonephitus This is the usual lesion in acute renal infection His- 
tologically It IS characterized by myriads of interstitial suppurative 
processes, usually bilateral and universally distributed Cortical involve- 
ment IS generally more pronounced than medullary The bacterial in- 
vasion IS customarily through the blood vessels, but may be through the 
lymphatics In either event the interstitial leukocytic infiltration and 
suppurative process are characteristically perivascular Mild lesions may 
heal with neither clinical manifestations nor scarring In advanced suppu- 
rative nephritis producave of symptoms, a variable reparative renal 
scarring must be expected During the evolution of the suppurative 
process, there is cloudy swelling of the adjacent renal tubules and in 
serial section polymorphonuclear leukocytes can be demonstrated ex- 
truding their way from the interstitial lesion and between the swollen 
tubular epithelial cells mto the lumen of the collecting tubules Thus it 
IS that most of the pus demonstrated in the urine of patients with renal 
infection originates in the interstitial suppurative process in the paren- 
chyma rather than m the kidney pelvis or lower urinary tract 

As a therapeutic corollary excretory antisepsis can be effective only 
as the drug hematogenously reaches the suppurative focal infections in 
the kidneys Chemotherapy may fail when the renal function is greatly 
depressed and the concentration of the drug excreted is bacteriostatically 
ineffective Moreover, when urinary stasis exists, the congested, inflamed 
renal parenchyma involved by the urinary stagnation or back pressure 
IS less able than normal to cope with the existent infection Yet with 
the institution of free drainage, rehabilitation of the local renal defensn e 
mechanism, and excretory antisepsis the bacterial invasion is usually 
readily controlled and often cured 

Injected hydionephiosts The obstruction which causes the hydro- 
nephrosis IS usually at the outlet of the renal pelvis but may be at any 
distal point The renal changes are those of hydronephrotic back pres- 
sure injury plus the suppurative lesions described under pyelonephritis 
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Yet the establishment of free drainage reinforced by chemotherapy 
will frequently overcome the renal infection Sometimes the unnary 
obstruction in infected hydronephrosis can be eliminated only by sur- 
gical plastic procedure but in ad\anced disease nephrectomy may be 
required 

Fyonepbiosis This may be the end stage of an infected hydro- 
nephrosis in which generalized suppuratn e destruction of the kidney 
occurs or it may be a massive suppurative renal destruction without 
demonstrable obstruction In any event, the kidney is functionally dead, 
an active toxigenic focus, and must be treated by removal rather than 
by chemotherapy 

Surgical treatment, usually nephrectomy, is life saving in certain 
acute massive hematogenous suppuratn e renal lesions such as the pvemic 
kidney, in the localized hematogenous suppurative lesion commonly 
designated as renal carbuncle, and in perirenal abscess which is pre- 
dominantly hematogenous and staphylococcal in origin 

Symptoms The clinical picture of acute urinary infection is well 
known and the diagnosis is usually correctly made, even though the 
accessory factors may be inadequately comprehended In acute unnary 
infection the general symptoms are most prominent, a third to a half 
of adults will suffer no symptoms pointing to the urinary tract The 
onset IS usually abrupt with chills, fever, malaise and gastrointestinal 
disturbances, in the iniual stages and lacking symptoms referable to the 
urinary tract, the usual diagnosis is grippe In most urinary infections the 
manifestations of the acute stage disappear m seven or ten days yet the 
urine usually continues to show pus for a month or longer Gastro- 
intestinal disturbances will be outstanding in approximately half of 
patients with chronic urinary infection With advanced renal injury 
neurologic manifestaaons — irritability-, letharg)% forgetfulness, and 
stuporousness — may appear Persistence of renal infection, acute or 
chronic, means increased pathologic sexenrs'- and must definitely in- 
fluence treatment 

No patient should be discharged as cured until at least t\\ o newatn e 
cultures of a cathetenzed specimen hat e been obtained 

Diagnosis The history of sudden onset, chills, gastrointesnnal 
and \ csical disturbances perhaps ith pain in the renal region, at once 
suggests acute urinary infection The diagnosis is confirmed by unn- 
ahsis in mIiicIi vc arc particularh interested in the pus blood and 
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bacterial content of the urine Pus casts at once indicate pyelonephritis 
In some instances pyuria and uiinary infection are accidental findings 
in urinalysis coincident with physical examination or examination for 
some other condition This is particularly true in children 

In the study of urinary infection, the method of specimen collection 
IS paramount and in the female only specimens collected by catheteriza- 
tion are w orth examining External scrubbing of the mtroitus and ex- 
ternal urethral meatus as a substitute for catheterization causes far more 
trauma than urethral catheterization and is bactenologically inadequate 
In the male, a satisfactory specimen for culture can be obtained if, after 
wide retraction of the prepuce, the glans and meatus are xvell sponged 
uTth an antiseptic solution, such as bichloride or oxycyamde of mercury 
I 500, after which the patient passes a small amount of urine before 
x’^oiding into a sterile receptacle Unless the specimen can be collected 
in this manner from the male, catheterization must be employed I have 
several times examined female patients referred for urological examina- 
tion because of so-called chronic pyelitis and in whom the laborator^^ 
had always reported a grave pyuria which was subsequently determined 
to be of vuhar origin, catheterized specimens, previously not taken 
from these patients, were normal and sterile I have also had a similar 
experience in young males with a tight prepuce in whom subpreputial 
debris collected in the voided urine had been misinterpreted in terms 
of renal infection Circumcision was curative 

It must be recognized that failure to demonstrate pus does not rule 
out grave renal infection This is best illustrated in renal carbuncle 
and perirenal abscess Here the renal suppuration does not dram into 
the collecting tubules to appear as pus in the bladder urine, yet culture 
of this urine ^^Tll regularly disclose the invading organism These condi- 
tions and pure bacteriuria are perhaps the best examples of apyuric 
urinary infection 

^^d^en the acute urinary infection remains acute for longer than five 
to six days despite intensive therapy a urologic examination is indi- 
cated In such cases obstruction or suppuration requiring instrumental 
drainage or surgical incision will usually be found In some instances, 
the temperature following acute urinary infection does not come dow n 
to normal but remains at 99 ^ or 99 2 ° F Urinalysis will demonstrate 
that urinary infection persists Failure to cure these patients by intensn e 
medical treatment ox er a period of three to four xx eeks demands a 
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comprehensive urologic examination at which time the accessory 
etiologic factors will be demonstrated Yet in chronic urinary infection 
successfully eradicated by the newer chemotherapy, the previous per- 
sistence of the infection strongly suggests that urinary stasis exists and 
these patients are entitled to an excretory urographic investigation before 
being discharged In a surprising number, unsuspected obstructive uro- 
pathy will be demonstrated 

Prognosis The importance of urinary infection in the young may 
be deduced from the death incidence of a fifth to a third in infancy 
and approximately 3 per cent in older children In infants failing nutri- 
tion doubtless accounts for more deaths than bacterial toxemia pei se 
This indicates the therapeutic importance of maintaining nutrition in 
young patients wnth urinary infection Adults rarely die from uncom- 
plicated acute pyelonephritis but complicating or secondary pyone- 
phrosis, permephritic abscess, renal carbuncle, or pneumonia, for ex- 
ample, may be fatal In short, the prognosis in urinar)'^ infection depends 
upon the severity of renal injury, the accessory etiological factors, 
extraurinary complications and the treatment 

Treatment In the therapeutic management of urinar)^ infection, 
\ve disagree with those wTo rush at once for the medicine bottle These 
patients merit sickroom quiet and rest m bed until the temperature has 
been normal for forty-eight hours Renewed fever on getting up calls 
for further bed rest 

There is no special diet Easily digestible foods may be gi\ en, as the 
patient improves, the appetite \vill return Only in infants is the main- 
tenance of nutrition likely to be of vital importance During the acute 
stage of the infection a high fluid intake is essential to promote diuresis 
and combat dehydration, an approximate intake of one ounce of fluid 
per pound of body w'eight is desirable This may be given by mouth, 
hypodermoclysis or intravenous infusion, the addition of glucose in 5 
to 10 per cent volume concentration helps to combat acidosis, the 
clinical manifestations of w hich so commonly predominate in the oren- 
cral symptomatology’- of acute urinary’^ infection, especially in children 
For the same reason the administration of an alkali such as sodium 
bicarbonate is rational 

It is usually extremely difficult to identify the primary bacterial 
focus of infection in urinary infection hence the therapeutic eradication 
of the focus IS rarely accomplished 
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In the detoMcanon of the patient intestinal evacuation will be more 
effective than any other single measure In carrying this out mild 
catharsis with a saline compound or castor oil is reinforced by colonic 
irrigations given once or twice daily during the acute stage of the infec- 
tion and at longer intervals as the infection subsides The volume of 
tap water used for the colonic is more important than the fecal return, 
for a colonic irrigation in an adult we advocate the use of at least eight 
gallons of water A competent nurse should be able to administer this 
much fluid without seriously disturbing the patient The first day or nvo 
the return from the irrigation may be clear or contain only strings of 
mucus and relatively small amounts of fecal debris, but about the third 
or fourth day an amazing amount of feces wiU be recovered and coin- 
cident with this increased evacuation, the patient will show pronounced 
improvement 

Chemotherapy In recent years the chemotherapy of urinary infec- 
tion has undergone revolutionary changes Many methods and drugs 
formerly extensively employed have been largely discarded Alkaliniza- 
tion of the urine by the administration of sodium bicarbonate is effective 
only to the extent that the medication combats acidosis, the urinalysis 
indicates no improvement Therapeutic urinar)’’ acidification per se is 
seldom successful but is invaluable in combination with methenamine 
or mandehc acid ingestion The empiric changing of the urine reacuon 
from acid to alkaline and vice versa is valueless Caprokol, pyridiuni, 
methenamine, methylene blue and other so-called urinary antiseptics 
which formerly enjoyed wide use, during the past three years have been 
largely replaced by mandehc acid and sulphamlamide, and in the present 
discussion of chemotherapy only the last two drugs and neoarsphena- 
mine will be considered 

The choice of urinary antiseptic will be guided by the bacterial 
invader, the renal function of the patient, and his drug tolerance As a 
rule, the renal function permitting, mandehc acid is my first choice in 
the treatment of urinary infections, chiefly because of lesser toxicity 
than sulphamlamide Yet we have no quarrel with those who prefer 
sulphamlamide when bactenologically indicated We employ neoars- 
phenamine for staphylococcal infections which respond neither to 

mandehc acid nor to sulphamlamide 

Mandelic Acid This chemical is bactericidal against most of the 
common urinary tract bacterial invaders when the urinary pH is 5 5 
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Table 

SULPHANILAMIDE AND MANDe'lIC ACID THERAP'i 
FOR URINARY INFECTIONS 

SULPHANILAMIDE MANDELIC ACID 

(ammonium or calcium salt) 


nosE 24 Houns 


Grains Grams 

Lncler 2 ■vears 5-10 3-6 

2- 4 jears 10-20 6 -12 

5- 8 \ears 15-25 9 -1 5 

9-12 \ears 20-25 12 -1 5 

Adults 25-80 15 -48 

erage dose 
(Per 10 
Pounds Bod\ 

Weight) 5 0 3 



Grains 

Grams 

Lnder 2 sears 

30- 60 

2- 4 

2- 4 sears 

60- -90 

4- 6 

5- 8 s ears 

75-120 

1 

CO 

9-12 sears 

120-180 

8-12 

Adults 

180-225 

12-15 


18 75 

1 25 


BACTERIOLOGIC INBICATIONS 


Gram negative baciUi 
(B coll eschenchia, 

B lactis aerogenes, 

B t\phosus) 

Stapln lococcus 

Streptococcus hemoUticus 

Proteus 


P\oc\aneus (pseudomonas) 


Gram negate e bacilli 
(B coll eschenchia, 

B lactis aerogenes, 

B tvphosus) 

Staphi lococcus 
Streptococcus, hemohlic 
and non-hemol\ tic 

Enterococcus (Streptococcus 
fecalis) 

P\oc\aneus (pseudomonas) 


INEFTECTin; AGAINST 


Enterococcus (Streptococcus 
fecalis) 


Proteus (unless urine highh 
acid) 


FLUID INTAKE 

Restrict to 1200 cc in 24 hours in adults 
Restrict onh with great caution in children 


UHINE BEACTION* 

Must be more acid than pH 5^ 
'Mandelic acid concentration greater 
than 0 5 per cent 
Giie Ammonium chloride 
Vmmonium nitrate 
Dilute hidrochloric acid 


* Best estimated h\ potentiometer or nitrazene solution or paper 


Prcferabh alkaline, coadminister 
sodium bicarbonate, or potas- 
sium citrate q s 
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or less and the concentration of the mandehc acid in the urine is o 5 
per cent or greater The bactericidal action is usually regularly saus- 
factory when the pH is 5 2 and the acid concentration o 8 per cent or 
greater 

Mandehc acid excreted in the urine may produce renal irritation 
and for this reason is contraindicated when noteworthy renal disease or 
in]ur\'^ exists This irritation may be manifested by desquamation of 
renal epithelial cells, by hematuria and the passage of casts Moreoi er, 
in cases of important renal disease, the damaged kidney frequently fails 
to excrete mandehc acid in amounts sufficient to be bactericidal Thus 
the therapeutic course is not only unsuccessful, but mandehc acid may 
accumulate to a dangerous degree (acidosis) m the body For these 
reasons, the approximate renal function should be known before admin- 
istration of mandehc acid is begun In cases of serious renal injun’^ 
sulphamlamide should be chosen rather than mandehc acid, bearing in 
mind that inadequate excretion of the sulphamlamide may also render 
Its use ineffective and its cumulative retention in the body may become 
a serious toxic factor 

Mandehc acid salts are marketed chiefly m the ammonium variety 
as tablet, eLxir, or syrup, yet I prefer the calcium mandelate tablet, 
especially since I have found it more easily admimstered to young 
children and with less disturbance than other mandehc acid prepara- 
tions The basis of drug computation I usually follow is that of approxi- 
mately 2 grains of the salt per pound of body weight in 24 hours In 
most instances the mandehc acid salt will sufficiently acidify the urine 
but should the pH not be below 5 5 after 48 hours of mandehc acid 
administration, an acidulating salt such as ammonium chloride, calcium 
chloride, ammonium nitrate, or dilute hydrochloric acid should be 
administered at the same time in sufficient quantity to bring about the 
desued urinaty acidity The urinar}’' pH may be estimated approximatelv 
by the use of mtrazene test papers which are checked against a stand- 
ard colorimetric scale Because adequate urinary acidulation must be 
absolute for the successful employment of mandehc acid therapy the 
titre of the urine should be estimated once and preferably twice daih 
during the therapeutic period 

The mandehc acid compound is administered for a period of eight 
to ten days, meanwhile periodic reexaminations of the urine are made 
In successful cases the urine is often pus free by the fourth or fifth da) 
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Yet one should not rely on cultures made while the patient is taking 
the urinary antiseptic, since its bacteriostatic activity in the collected 
specimen may be sufficient to inhibit grow’^th and render the culture 
sterile However, if the therapeutic progress is favorable, we wait three 
to four days after stopping the medication and take an aseptically col- 
lected specimen for culture If no grow^th is obtained in 72 hours, a 
similar specimen is subsequently taken and if two negative reports 
are obtained, the patient is discharged as cured to return in one month 
for a final bacteriologic check up If this test of cure is regularly fol- 
low'^ed, the incidence of so-called “recurrences of pyelitis” will be vastly 
diminished Most alleged recurrences are simply exacerbations of 
smoldering, unrecognized infections persisting after the climcal dis- 
appearance of an infection previously acute These exacerbations usually 
follow the onset of acute focal infection elsewffiere, such as rhimtis, 
bronchitis or enteritis 

If the intensive administration of mandelic acid for eight to ten days 
IS unsuccessful and if bacteriologic indications permit, it is my practice 
to swntch the patient to sulphamlamide therapy for a similar period 

SuLPHANiLAiMiDE Sulphanilamide is effective against the common 
Gram negative invaders of the urinary tract including the proteus 
bacillus, and also against most of the Gram positive cocci Yet it is 
ineffective against the enterococcus (S fecahs), an organism we have 
found in about 3 per cent of urinary infections in children 

The average dose of sulphamlamide is about 5 grains for 10 pounds 
of body w'^eight, yet in young children I have frequently used doses 
disproporuonately larger Sulphamlamide acts best in an alkahne me- 
dium, sodium bicarbonate or other alkahmzmg agent is administered 
betw^een meals (so as not to interfere wnth digesuon) m doses adequate 
to render the urine strongly alkaline Because of this superior activity 
m an alkahne urine, sulphamlamide is usually readdy effective against 
the proteus bacillus w Inch by its ammomogemc actn ity regularly pro- 
duces extremely alkaline urine 

I do not behe\ ewe are justified in persisting w ith intensive admini- 
stration of sulphamlamide for longer than eight to ten days at a time, 
although I am aw are that many clinicians not only give larger doses than 
ha\ e been indicated here but for much longer consecunve periods Mv 
respect for the potential toxic properties of sulphamlamide is e\ er in- 
creasing It IS recognized that cvanosis in itself is of little clinical 
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importance Yet one cannot always identify hematologic changes in 
time to prevent serious injury I have recently experienced this in an 
adult who received only 25 grams (5 gram doses) of sulphamlamide 
during a 36 hour period Yet during this time his previously normal 
blood count was reduced to 1,800,000 red cells per cmm , the leukocytes 
to less than 2,000 per cmm , the hemoglobin to less than 40 per cent, 
an acute hemolytic crisis occurred, and after three transfusions totaling 
nearly 2,000 cc of blood, the patient’s blood count was still 25 per cent 
below normal 

Apparently there is little difference m therapeutic activity of sul- 
phanilamide and di-sulphanilamide m the urinary tract During the past 
two months we have been studying the therapeutic effect of sulfapyri- 
dme m urinary infections m children but as yet can offer no conclusions 

Neoarsphenamine It has become more generally appreciated of 
late that staphylococcal infections of the urinary tract often will readily 
respond to the intravenous injection of neoarsphenamine when given in 
the same manner as m the treatment of syphilis Urinary sterilization 
will commonly be accomplished with four injections and if six injec- 
tions are fruitless, more should not be given I have employed intra- 
venous neoarsphenamine only as a last resort m the treatment of staphy- 
lococcal infections, largely because of the objections raised by intelli- 
gent patients who are keenly aware of its usual antiluetic application 
In fact, m my experience its employment m the treatment of urinary 
infections m private practice requires considerable explanation to the 
patient 

If the acute urinary infection does not show definite response to 
intensive medical therapy as above outlined within one week, a urolog- 
ical investigation is indicated, as it is m chronic urinary infection not 
responding to intensive medical treatment for one month Such urologic 
investigation nearly always will demonstrate some form of urinary 
obstruction as the principal accessory agent It must be remembered 
that neuromuscular disturbances of the urinary tract — commonly desig- 
nated as cord bladder — produce urinary stasis by engendering expulsive 
mertia with consequent stagnation This condinon invites urinary infec- 
tion and perpetuates infection already established 

Results Two-thirds of non-tuberculous urinary infections can be 
eradicated by medicinal means In the remaining third additional treat- 
ment Mill be employed according to etiologic indications This may 
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mean, for example, conservative instrumental dilatation of a urethral or 
ureteral stricture, or the radical removal of a stone from a kidney, or 
perhaps nephrectomy Thus m the diagnostic mvestigation of chrome 
urinary infection m children we have demonstrated practically every 
urologic lesion known to exist in the adult 

Renal Tuberculosis It is notable that chrome caseous tuberculosis 
exists in about one m sixty cases of persistent pyuria in children, and 
in adults its incidence is even greater The treatment of unilateral renal 
tuberculosis is surgical, yet the demonstration of tubercle bacilli ap- 
parently passed from a kidney which shows a normal pyelogram does 
not call for nephrectomy Nephrectomy should be reserved for those 
organs in which a tuberculous process is urographically demonstrable 
Bilateral renal tuberculosis is a sanatorium medical problem offering a 
hopeless prognosis 

Summary The clinical phases of urinary infection have been briefly 
discussed The etiology and pathogenesis are of utmost importance m the 
rational selection of treatment If one relies on medical therapy alone, 
his results will be far less satisfactory than those of the chmcian who 
thinks first in terms of potential accessory etiologic factors, and notably 
obstruction, and secondarily considers chemotherapy The choice be- 
eween mandehc acid and sulphanilamide should rest first upon specific 
bacteriologic indication and secondly upon renal function and tolerance 
of the patient for the drug With intelligent chemotherapy, about two- 
thirds of the common urinary tract infections can be cured In the 
remainder, instrumental or surgical treatment must be combined with 
medicinal therapy 
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AX EXHIBITION OF BOOKS OX THE GROWTH OF 
OUR KNOWLEDGE OF BLOOD TRANSFUSION* 

Prepared by 

GLRIRUDE L ANNAN 
In Ch-irge of the Rare Book and History Rooms 


Early References to 

1 Olid 13 B C-18 A D 
Metamorphoses with an English transla- 
tion b\ Frank Justus Miller 

London, 1929, opened at \ol 1, pp 
366-367 

Medea said “Come, draw \our swords, 
and let out his old blood that I ma\ re- 
fill his empta aeins with aoung blood 
again ” 

Borioaaed througli the kindness of the 
Neaa lork Public Librara 

2 [ V modern account of aahat has been 
called the first operation of blood trans- 
fusion ] 

In \ illari, Pasquale Life and times 
of Girolamo Savonarola, London, 
[1918], opened at p 151 
This account of the blood of three aoung 
boa s being gia en to the aged Pope Inno- 
cent VIII, 1432-1492, claims that the 
blood aa as injected into the aeins, but 
there seems to be no proof of this 
\nother version states that the blood 
aaas offered as a drink to the Pope who 
refused it 

See Ogle, Harvexan oration, London, 
1881, note 20, p 107 

3 Ficinus, Marsilius 1433-1499 
De triplici a ita 

Florence, 1489, opened at fo d^r 


Blood Iransiusiok 

Ihis Italian philosopher suggests the 
giaing of healthy aoung blood from the 
a eins of the arm to the aged b) means of 
suction 

4 Pegel, Magnus 1547-ca 1615 
Thesaurus rerum, selectarum, magnaniiii, 
dignarum, utilium 

[Rostock], 1604, opened at p 112 
A reference to a “rare surgical opera- 
tion,” aa Inch has been thought to be that 
of blood transfusion, although the ac- 
count IS so a ague that the precise nature 
of the operation cannot be determine! 
The author of this a era rare work was 
a pha sician and mathematician 
Borrowed through the courtesy of the 
Preussiche Staatsbibihotlick, Ba’’ 
Germana 

5 Libaaius, Andreas ca 1546-1616 

\ppendix necessaria santagmatis ar 
canorum chaanicorum 

Frankfort, 1615, opened at p 8 
This seems to be the earliest accoun 
blood being transfused directly rom 
the ^^te^les of one nnn into the 'll" 
of another The author was an eminent 
German chemist and phasician 
Borrowed through the courtesy 
Princeton Uniaersitj Library 

the Blood and Blood fornnne 
4 1938 


‘Prepared in connection with the Graduate Fortnight on Diseases ot 
Organs held at The laew \ork Academa of Medicine Oct 24 to Aoa 
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Frexch Co^ tribltioxs to Blood Traxsfcsiox ix the Sevexteexth Cextuet 


6 Denis, Jean Baptiste cl 170J 

Lettre escrite a [Habert] de 

Montmor touchant une noucelle 

nianiere de guerir plusieurs maladies 
par la transfusion du sang 

[Pans, 1667], opened at pp 12-13 
An account of the first transfusion of 
blood from animal to man, performed 
June 15th, 1667 Denis ins inaohed for 
years m contro\ers\ on the subject of 
transfusion and its dangers 
Photostat copy from the Bibliotheque 
nationale 

7 Lamy, Guillaume fl 1672 

Lettre escrite a [Jean Baptiste) 

Moreau contre les pretendues utilites de 
la transfusion du sang 
[Pans, 1667] 

V response to Denis s arguments for 
blood transfusion, dated Tuh 8, 1667 
Photostat copy from the Bibliotheque 
nationale 

8 Petit, Pierre 1617-1687 

De noy a ciiranclorum morborum ratione 
per transfusionem sanguinis 
Pans, 1667 

V tract against transfusion In the phy- 
sician and Latin poet, July 11, 1667 
Photostat copy from the Bibliotheque 
nationale 

Gadrois, Claude d 1678 
I ettre escrite a Tabhc Bourdelot 

pour seryir de rcponse au Sf Lamy, 
confirmer en mesme temps la transfu- 
sion du sang par de noinclles experi- 
ences 

[Pans, 1667] 

V reply to Lamy in behalf of blood 
transfusion yyntten Vugust 8th 1667, 
by the young scholar yyho became direc- 
tor of the military hospital at 'Metz and 
died at the acre of thirty -six 
Photostat copy from the Bihliothfeque 
nationale 

10 Tardi Claude 1607-1670 

Iraittc de 1 ccoulcnient du sane dun 
hoiiiiiic dans Ics yencs dun autre 
Pins, 1667 

1 he first necoiiiit of the teehnique of 
ilircct transfusion of blood from one 


man to another \\ hile Denis yy as trans- 
fusing the blood of animals into man, 
lardi published this detailed account of 
his technique m direct transfusion 
There is no proof, hoyyeyer, that he put 
Ills theories into practice 

11 de Gurj e, Gaspard fl ca 1668 
Lettre a M Tabbe Bourdelot 
touchant la transfusion 

Pans, 1667 

In Le journal des scatans de Ian M 
DC LXVIII Amsterdam, 1679, opened 
at p 313 

A contemporary reyieyy of the yyork by 
Giirye yyhich contains the “first yearning 
of the dangers attending the administra- 
tion of incompatible blood’ (Keynes) 
\n English account is found in Philo- 
<iophical Transactions abridged 
London, 1809, yol 1, p 183 Gurye notes 
both the advantages and eiils of blood 
transfusion 

12 De la Martiniere, Pierre Martin 1634- 
1676 

Les opuscles contre les circulateurs 
&. transfuseurs de sang 
Pans, [1668] 

\nother tract against transfusion writ- 
ten by the surgeon and trayeler, y\ith 
royal pncilege to print dated June 16, 
1668 

Photostat copy from the Bibliotheque 
nationale 

13 de Basril, Louis fl ca 1667 
Reflexions sur les disputes qui se 
font a I’occasion de la transfusion 

[Pans, ca 1668] 

Transfusion is championed by a layman, 
an “acUocat en Parlement,’ yyho criti- 
cizes Lamy and De la ’\Iartiniere for 
their attacks upon it 
Photostat copy from the Bibliotheque 
nationale 

14 Sentence rendue au Chastelet par Alon- 
sieiir le lieutenant criminel le 17 ami 
1668 

In Ort, P C ^tudcf hi^tongiie* 

•'iir la Irnn^ fusion du ^nnn 2 ed Pans, 
1876, pp 42-t-f 

This decrees that in the future blood 
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transfusion cannot be done upon man 
■« ithout the permission of a ph\ sician of 
the Pans facult\ , w hich had heartih op- 
posed transfusion The sentence was 
brought about at the instigation of a 
widow of one of Denis’s patients The 
patient, insane, had been treated b\ 
transfusion and considerabh helped, but 
later died The widow was aroused to 
action h\ Denis’s ad; ersaries 
15 France Arret du Parlement de Pans du 


10 janMer, 1670 

In Villaret, Maurice et Montier, 
Franfois “Les ongines de I’lnjection 
therapeutique intra-; eneuse ” 

In Parts midical, 1921, vol 42, (an- 
nexe), opened at p 120 
This Arret which forbids all doctors to 
practice blood transfusion is apparent!; 
not now' in existence The authors of the 
article gi;e here the extant references 
to it 


Exolish Contributions to Biood Trakstosion in the Seiexteenth Cevturx 


16 Oldenburg, Henrj 16155-1677 

An account of the method of come; mg 
liquors immediateh into the mass of the 
blood 

In Philosophical transactions of the 
Royal Society of London [for the year 
1665] abridged London, 1809, 
p 45 

Oldenburg, secretar; of the Ro;al So- 
ciet; and editor of its Transactions, re- 
ports the disco; er; of this ne;v experi- 
ment b; the ;;ell kno;\n architect, 
Christopher M ren, 1632-1723 The Italian 
plnsicnn, Folli, later claimed that Wren 
Ind learned it from him 

17 Lo;;er, Richard 1631-1691 
Tractatus de corde 

\msterdam, 1669, opened at p 181 
Description of his technique of blood 
transfusion b; the English physiologist 
;\ ho ;; as the first in that country to per- 
form the transfusion of blood from one 
animal to another, in February, 1665 

18 Bo; le, Robert 1627-1691 

llie method obsened in transfusing the 
blood out of one animal into another 


In his TForks London, 1772, ;ol 
3, pp 149-151 

The great scientist’s account of Lower’s 
experiment appeared in the Philosoph- 
ical Transactions for December 17, IGGG 

19 Lo;\er, Richard 1631-1691, and King, 
Sir Edmund 1629-1709 
Transfusion practised upon man 

In Philosophical transactions 
abridged and dispos’d under general 
heads by John Lowthrop Lon- 
don, 1705, ; ol 3, p 231 
Record of the first human transfusion in 
England on No; ember 23, 1667 Sheep’s 
blood was used The Philosophical Trans- 
actions of the period contain accounts 
of the man; experiments in England and 
else;; here 

20 Pep;s, Samuel 1633-1703 

The diar; ;;ith Lord Bra;brooke's 

notes edited by Henr; B Wheatle; 

London, 1895, ;ol 6, opened at p G7 
The famous diarist made se;eral ref- 
erences to the transfusion experiments 
In this one he mentions the opinion of 
the scientist, Robert Hooke, 1635-1703 


Contributions of Countries Other Than* En'gland and Fravcf 
iir THE Sei'enteenth Centura 


21 Folli, Francesco 1624-1685 

Stadera medica nelle quale oltre la 
medicina infusoria e le contrario 
alia trasfusion del sangue 

Florence, 1680, opened at p 35 
This Italian ph;sician claims that after 
reading Har;e;’s work on circulation in 
1652 he saw the possibilities of trans- 
fusion and in 1654 conducted experi- 


ments before Ferdinand, Grand Duke of 
1 uscan; He claims further that the 
English scientists heard of his experi- 
ments, but ga;e him no credit for tlic 
disco; er; 

22 Jlajor, John Daniel 1634-1693 
Chirurgia infusoria 
Kiel, 1667, opened at p 2 
A contemporar; illustration depicting 
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the operation of the injection of medi- 
cines into the \eins On p 212 of this 
Mork, the author describes blood trans- 
fusion 

Borrowed through the courtes\ of the 
Arin\ Medical Librarc 

23 Ettmuller, Michael 1644-1683 
Dissertation sur I’lnfusion des liqueurs 
dans les laisseaux 

In Ins Nouvelle chirurgie L\ons, 
1691, opened at p 511 
Published first in 1668, this contains a 
recoiiimendation for the infusion of 
human blood in the \ems in tlie treat- 
ment of fecers 

24 \m Lamsweerde, Jan Baptist fl ca 
1700 

Appendix ad Armamentarium chir- 
urgicum 

In Scultetus, Joannes Armamen- 
tarium chirurgicum Levden, 1693 
This contemporar\ illustration of the 
technique and instruments used in blood 
transfusion appeared first witli the 1672 
edition of Scultetus 

25 Bartholinus, Caspar (the \ounger) 1655- 
1738 

De chirurgia transfusoria 
In Bartholinus, Thomas (the elder) 
Acta medtca el phtlosophica Co- 
penhagen, 1677, vol 3, p 86 
A note on transfusion from Pans In the 
Well known Danish plnsician “Trans- 
fusion underwent in Denmark the same 


fortune as in France and Italy, meeting 
there likewise with its adiersaries, who 
brought it into discredit” 

(Ullersperger) 

26 Mercklin, Georg Abraham 1644-1702 
1 ractatio med curiosa, de ortu & occasu 
transfusionis sanguinis 

Nuremberg, 1679 

One of tbe most Molent attacks on blood 
transfusion b\ a prominent German 
phssician, who includes here a histors of 
the subject 

27 Nuck, Antonius 1650-1692 
Opcrationes et experiiiienta chirur 
gica 

I ejden, 1733, opened at p 166 
Originalh published in 1692, this ad 
Mses the use of blood transfusion in a 
number of diseases, and complains that 
the operation has been neglected for 
some \ears 

28 Purmann, Matthaus Gottfried 1648 
1721 

Chirurgia curiosa or, the newest and 
most curious observations and operations 
in the whole art of chirurgcrv 

London, 1706, opened at p 304 
A description of transfusion bv the emi- 
nent militarv surgeon, published origi- 
nallv in 1694- Purmann regrets that the 
operation was not then m general use 
and cites a case of leprosv which he 
cured bv transfusion 


Blood TaANsrcsiox ix the Eighteexth CExaxna 


29 1 leister, Loren/ 1683-1758 
V general svstem of surgerv 

London, 1743, opened at vol 1, p 303 
Jhe great German surgeon of the 
eighteenth centurv describes the opera- 
tions of transfusion and infusion which 
* arc seldom practised bv our modern 
surgeons, vet tbev were higlilv celc- 
britcd, and often performed, m the last 
centurv, from the vear 1600-1680 ” 

1 his work appeired in 1719 

30 Uosi, Michele 1731-1812 

1 eltre estemporanea sopr i alciinc curio 
sita fisiologichc 

[Napolr], 1782, opened at p 60 


Rosa’s successful experiments on am 
mals in Februarv, 1783, were the first to 
be presented to the medical profession 
in manv vears 

31 Harwood, (Sir) Biisick 1743'-1814 
[Account of his experiments in blood 
transfusion] 

In Philosophtca! Irannactions of the 
Royal Society of London abridged 
London 1809, p 183, note Pholost if 
copv 

Harwood was the first to revive interc.st 
in blood transfusion in England bv his 
siiecessfiil experiments on dogs in 1783 
12 Sevbert, \dnm 1773-1823 

* \ n attempt to disprove the doctrine of 


Iraugural dis'crtation 
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the putrefiction of the blood of Ining 
animals 

Philadelphia, 1793, opened at pp 64-55 
A series of experiments of an American 
phisicnn iiho injected putrid blood into 
the aems of animals, to determine its 
effect upon normal blood 


33 Dam in, Erasmus 1731-1802 

Zoonomia, or, the laiis of organic life 
2 ed London, 1796, opened at \ol 2, 
p 605 

1 he f imous pha sician and botanist sug 
gests the use of transfusion in feiers, 
and describes the operation 


Blood Tbaxsfdsiok in the Nineteenth Centubi 


34 Scheel, Paul 1773-1811 
Die Transfusion des Blutes 

Copenh igen, 1802, opened at p xi 
Ihis excellent histor\ of transfusion Mas 
compiled at a time ailien that method of 
treatment Mas seldom used and mfre- 
quenth mentioned The careful bibliog- 
raph\ lias been of inestimable \alue to 
those interested m the earh Instore of 
the subject 

35 Prceost, Jean Louis 1790-1850, and 
Dumas, Jean Baptiste Andre 1800-1884 
Plnsiologie animate Examen du sang et 
de son actions [sic] dans les dieers 
ph^nonienes de la e le 

In Bibhothcque universelle des 
<tciences Geneea, 1821, eol 17, 
opened at pp 226-227 
Although these experimenters had some 
success m bringing back to life be blood 
transfusion a horse eehicli had been bled 
to seneope, their conclusions eeere that 
the operation Mas dangerous and should 
not be performed Thee mention that in 
their experiments thee used defibrinated 
blood or caustic soda as an anticoagu- 
lant 

Borroeeed throiigb the kindness of Yale 
Tnieersite Librarj 

36 Blundell, Janies 1790-1877 
Researches phesiological and patho- 
logical eeith a eieee to the improee- 
ment of medical and surgical prac- 
tice 

[London], 1825, opened atpl 2,p [143] 
Bliindell’s eeork “mae be taken to mark 
the real beginning of tbe clinical appli- 
cation of blood transfusion” (Keeaies) 
The plate shoees his “impellor”, the in- 
strument he used in transfusion, this 
Mork glees the records of liis operations 


37 Dieffenbach, Johann Friedrich 1790 
1847 

Phe siologische Untersuchungen uber 
die Transfusion des Blutes 

In Magaztn fur die gecammte Betl- 
lunde lierausyegehcn ton Dr 

Johann Nep Lust Berlin, 1830, 
eol 30, p [3] 

T he experiments of this eminent sur- 
geon led him to the conclusion tint the 
blood of the same kind of animal should 
be used m transfusion, and that the 
blood of animals should not be iniected 
in human eeins 

38 Bischoff, Theodor Liidv ig "W illielm 
1807-1882 

Beitrage Air lehre ion deni Bhite und 
der 1 ransfusion desselben 

In Archiv fur Anatomie, Phtpiolo 
gie herau'igegchen von Dr Jo 
hunnes Muller, Berlin, 1835, p 347 
An account of the author’s experinients 
Mitli the miection of defibrinated blood 
to pieient coagulation 

39 Routh, Charles Henn Felix 1822-1909 
Remarks, statistical and general, on 
transfusion 

In Medical tiniei, 1849, lol 20, p 114 
The author records all the known cases 
of blood transfusion in an effort to show 
that “the operation is one of the safest 
major operations mIiicIi mac he prac 
tised in siirgerc ” Case no 48 is an ac 
count of an operation of his own on a 
patient with cholera 

40 Brown-Sequard, Charles Edward 181 1 
1894 

Sur la persistance de la aie dans les 
membres atteints de la rigidity qu on 
appelle cadaaerique 

In Compte<t rendito hehclomarlnirf' 
des ilancei de VAcadimie dei science' 
Pans, 1851, lol 32, p 855 
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Ihe first of a number of artides on the 
experiments of this eminent ph\siologist 
In this account he demonstrates that 
after the injection of blood into the ar- 
teries, muscles which have been attacked 
bj rigor mortis, recover their voluntarv 
movements From later experiments be 
concludes that blood from the arteries 
given to animals bj transfusion has a 
beneficial effect, whereas blood from the 
veins does not 

41 Louisiana State "Medical Societv 

On tlie question of transfusion — being a 
report of a Committee Read March 
Kith, 1853 Bv X B Benedict 

In Kew Orleans medical and surgical 
journal, 1833, vol 10, opened at pp 
204-205 

Description of an apparatus contrived 
bv this Committee for facilitv m blood 
transfusion The report contains a bis- 
torv of the subject as well as an account 
of Blundell’s experiments Benedict, a 
pbvsician of New Orleans, joined the 
Societv in 1852 and acted as Correspond- 
ing Secretarv 

12 Iligginson, Vlfred 1808-1884 

A report of seven cases of transfusion 
bv blood, witli a description of the in- 
strument invented bv the author 
In Liverpool medico-chirurgical jour- 
nal, 1857, vol 1, p [102] 

\n important modification was intro- 
duced into the technique of the opera- 
tion in 1857, bv Iligginson, who applied 
tlic principle of a rubber sv rmge with 
hill-valvcs for transferring the blood 
from the receptacle into which it was 
driwn to the vein of the recipient” 
(Kcvnes) 

13 Ridiardson, (Sir) Benjamin M’ard 
1828-1800 

I lie cause of tlic coagulation of the 
blood being tlie \stlcv Cooper jiri/c 
OS', IV for ISifi 

I ondon, 1838, ojiencd at p 1-tS 
\n iccoiint of experiments in which 
imnioni 1 was emjiloved in transfusion 
to jircvcnt coagulation 

41 "Martin, Tdii ird Vrnold 1807-1873 

I ebe r die 1 ransfiision bci Blutunccn 
Ncuintbiindcncr 

Berlin 1830, opened it pji IS 19 


Ihese tables contain fiftv -seven cases of 
hemorrhage at child-birth treated bv 
blood transfusion m the vears 1824-1857 
Fortv-five out of the fiftv -seven opera- 
tions were successful 

45 Blasius, Ernst 1802-1875 
Statistik der Transfusion des Blutes 

In Monatshlatt f medicmische hta- 
tistiL, (supp to Deutsche klinik) 1863, 
vol 15, opened at pp 80-81 
Out of a total of 116 operations, in dif- 
ferent countries, Blasius found that 56 
had succeeded, 55 failed, and 5 were m 
doubt 

46 Panum, Peter Ludwig 1820-1885 
Experimentelle Lntersuchungen uber die 
transfusion. Transplantation oder Sub- 
stitution des Blutes 

In Archiv fiir pathologische Anatomie 
vnd Physiologie von Rudolf Vtr- 
chow, Berlin, 1863, opened at p 244 
Panum lists the first experiments of 
transfusing defibrinated blood into hu- 
man beings and gives an account of the 
earliest one, done in 1847, bv Soren 
Eskildsen Larsen, b 1802 Panum 
served as Dieffenbach’s assistant at the 
Almindelig Hospital in Copenhagen, and 
is remembered for his work on the 
pathologv of embolism He favored the 
use of defibrinated blood in transfusion 
because it avoided the risk of embobsm 

47 Kuhne, M'lUv 1837-1900 
Verfahren bei Vergiftigungen durcli 
Kohlcnoxv d 

In Centralblatl fiir die medicinischen 
Wissenschaften Berlin, 1864, vol 
2, p 134 

Kuhne suggests the use of blood trans- 
fusion in tlie treatment of carbon mon- 
oxide poisoning 

48 Vveling, James Hobson 1828-1892 
On immediate transfusion 

In Transactions of the Obstetrical 
Society of London, 1865, vol 6, opened 
at p 133 

V conteiiiporarv illustration of the di- 
rect transfusion of blood in England 
in the nineteenth centurv 

49 Hicks, John Braxton 1823-1897 

On transfusion and new mode of man- 
aLcincnt 

In British mrdiral journal 1868 vol 
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2, p 151 

An iccount of the treitment of blood 
with phosphate of soda to retard coagu- 
lation during transfusion 

50 Hueter, Karl 1838-1882 

\ orlaufige Mittheilung betreffend die 
Iransfusion \on fieberfreiein Blut bei 
acuten, das Leben bedrohenden Wund- 
und Eiterfiebern 

In Centralblatt fur die medicintschen 
Wf.‘<en‘.chaften, 1869, \ol 7, opened at 
p 390 

Hueter credits \on Grafe with tlie intio- 
duction of arterial transfusion and goes 
on to describe his own method of in- 
lecting defibrinated blood from the 
\ein of one to tlie artery of another 
His success led him to conclude that it 
allow ed the blood to reach the heart 
more slowh than other methods ind 
pre\ented air embolisms For a more 
detailed account of his e\periments, see 
his article on the subject in Arrhiv fur 
Klinische Clururgie, 1871, \ol 12, p 1 

51 Hooker, Ransom Spaford 1873 — 

and Satterlee, Henr\ Sin dam 1874 — 

V special method for the transfusion of 
blood with the use of paraffin and hiru- 
din 

In Operatize therapeuu’i, edited bif 
4 B Johnson, 1916, \ol 1, opened at 
p 339 

V description of the four general tipes 
of instruments for blood transfusion 
dcMsed from about 1830 to 1880 with 
the names of those who miented them 

52 Gesellius, Franz fl 1873 
Die 4 ransfusion des Blutes 

St Petersburg & Leipzig, 1873, opened 
it p 19 

\n illustration of the apparatus iniented 
b\ this Russian plnsician to take blood 
from a healtln man for purposes of 
transfusion In spite of his miention, 
Gesellius deplores the use of defibrinated 
human blood because of the lack of lol- 
untari blood donors He adiocates the 
use of lamb’s blood 

53 Aloncoq, D fl 1874 

Transfusion instantante du sang 

Pans, 187 1, opened at folding plate 
Illustrations of different t\ pes of instru- 


ments designed b\ the author for use in 
the transfusion of blood 

54 Hasse, Oscar 1837-1898 

Die Lammblut-1 ransfusion beini Men 
schen 

St Petersburg and Leipzig, 1874 
Another adiocate of the use of lamb’s 
blood reports faiorabh on the outcome 
of his eases 

55 Aladge, Henr\ M fl 1859-ca 1890 
On transfusion of blood 

In British medical journal, 1874, lol 

1, opened at p 44 

V report b\ the chairman of a co iimit- 
tee of the Obstetrical Societi of Lon- 
don appointed “to collect eiidence, and 
to test, as far as possible, the real claims 
of transfusion to the confidence of the 
profession” Madge reports faiorabh 
upon transfusion but suggests 13 points 
calling for further inquin 

56 Ponfick, Emil 1844-1913 
Evperimentelle Beitrage zur Lebre ion 
der Transfusion 

In Arcliiv f path anat , 1875, lOl 

62, p [273] 

Ponfick’s experiments bring him to the 
conclusion that the transfusion of blood 
between animals of a different kind are 
in pi nous He notes that hematiirii re- 
sults from such a transfusion and sug 
gests that hemoglobinuria is a more 
descriptn e name 

57 Landois, Leonard 1837-1902 
Die 1 ransfusion des Blutes 

Leipzig, 1875, opened at p 184 
Ihis important work shows the au- 
thor’s careful stucR of the changes 
which take place in the hlood when 
transfused from one kind of animal to 
another He points out the dissolution 
of the red blood corpuscles and tlie re 
leasing of the hemoglobin 

58 Thomas, Theodore Gaillard 1831-1‘>03 
Hie intra-aenous iniection of milk as 
a substitute for the transfusion o 
blood 

In Nezo York medical journal, 18.», 

\ol 27, opened at p 165 
I his New' York plnsician gnes an ac 
count of cases in which he miectcd mi 
into the \eins, instead of blood 
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predicts a brilliant future for “intra- 
^enous lacteal injection” 

59 Halstecl, ‘William Steuart 1852-1922 
Refusion in the treatment of carbonic 
oxide poisoning 

In Annals of anatomy and surgery 
Brookhn, N Y, ISSi, xol 9, p 7 
This eminent American surgeon ad\o- 
cates tbe use of centripetal arterial 
infusion m the treatment of carbon 
monoxide poisoning 

60 a on Ziemssen, Hugo Wilhelm, 1829-1902 
Ueber subcutane Blutinjection und 
liber erne neue Metbode der intraaenosen 
Transfusion 

In Verhandlungen des (11) Congress- 
es fur innere Medicin, 1892, opened at 


pp 168-169 

Ibis eminent phasicians first method 
uas the injection of blood subcutaneous- 
la His later method aaas the aaith- 
draaaal of blood into a sarmge in order 
to inject it into the aein of the patient 
He adaised the use of three saringes 
and as mana assistants 
61 Murpha, John Benjamin 1857-1916 
Resection of arteries and aeins injured 
in contmuita — end-to-end suture- — exper- 
imental and clinical research 

In Medical record, 1897, aol 51, 
opened at pp 7-1-75 
Illustrations of end-to-end suture of 
aeins and arteries aahich proaed a great 
stimulus to surgera of the blood aessels 


Broon InAXSFXsiox ix the laarsaarTH Cextepy 


62 Shattock, Samuel George 1852-1924 
Chromocate clumping in acute pneu- 
monia and certain other diseases, and 
the significance of the buffa coat m tbe 
shed blood 

In Journal of pathology and bac- 
teriology, 1900, aol 6, opened at p 306 
An iccount of his discoaera that tbe 
serum of a horse agglutinates tbe cor- 
puscles of a human being 

63 Landstemer, Karl 1868 — 

Leber Agglutmationserscheinungen nor- 
iiialen mensthlichen Blutes 

In IViener klinische IVochenschrift, 
1901, aol 14, p 1132 

Ihe author’s account of liis experiments 
shoaaing that human blood contains iso- 
igtrhitinms, capable of agglutinating 
other human red blool corpuscles He 
diaides hum in blood in three groups 
Sliattock’s aaork aias done independentla 
61 llccustello-Reclitaaelir, Mfred 1872 — 

K Still li, Adriano 

L eber die Isoagglutininc in Scrum gc- 
siinder und kranker ■Menschen 
In ^fucnrhcner medtcint>.che If ocheii- 
schrtfl, 1902, aol 19, opened at pp 
1092-1093 

Vn account of the experiments aabicli 
showed tbe discoaera of the fourth and 
rircsl blood group 
65 Carrel, Mcxis 1873 — 

1-a technique opiratoire des anastomoses 
ansciilnircs ct la transplantation des 


a isctres 

In Lyon medical, 1902, aol 98, opened 
It pp 862-863 

1 he first of Carrel s papers on end-to- 
end an istomosis of blood-a essels, aahich 
reaolutionized the surgera of the a iscu- 
1 ir sastem 

66 J inska, Jan 

Haem itologicke studie u psachotiku 
In Sbornll khmeky, 1907, aol 8, 
opened at p 132 

V resume of the first account of the 
classific ition of human blood into four 
groups 

67 Hektoen, Liidaig 1863- 
Isoaggliitination of hum in corjmscles 

In Journal of infectious diseases^ 
1907, aol 4, p 297 

An account of experiments aahich led 
the author to point out the dancers of 
homologous blood transfusion arising 
from the common occurrence of isoag- 
glutinins in human serum I his dan,.er 
‘cm be aaoided In the selection of a 
donor aahose corpuscles are not agclu- 
tinatcd ba the scrum of the recipient, 
and aahose serum docs not acglutiaate 
the corpuscles of the latter that is to 
saa, donor and recipient should belong 
to the same group and preferabla to 
Group I or H 

68 Crilc George A\ ashington 1864- 

Ihe technique of direct transfusion of 
blood 
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In Atiuah of \ur(/erii, 1907, ^ol Kt, 
]) 329 

A description of Cnle’s method of direct 
lilood transfusion whicli eliminated 
man\ dangers and was 'tlie first to 
renc’er the operation of transfusion a 
compiriticeh popular one ’ (Ke\nes) 

69 Lambert, Samuel Waldron 1859- 
Melcena neon itorum, with report of i 
case cured transfusion 

Repr Medical record, 1908, \ol 73, 
P [885] 

\.n account of the cure of a c ise ot 
meloena neonatorum In means of diiect 
blood transfusion In end-to-end an is- 
tomosis, performed bi Dr Carrel 

70 Ottenberg, Reuben 1882- 
Iransfusion and irterial anastomosis 

In 4nnah of iun/ery 1908, col 47, 
opened at p 305 

Ihe author’s experiments led him to the 
conclusion that transfusion would be 
made more safe if it is determined be- 
fore-hand whether hemohsis is likelc 
to occui when anc two gnen bloods uc 
mixed 

71 Elsberg, Charles \lhert 1871- 

V simple ciniila for the direct trms- 
fiision of lilood 

In Journal of the American mediinl 
association, \oI 52, 1909, opened at 
p 888 

Description of a simplifu ition of the 
Crile canula 

72 Hartwell, Joim Augustus 1869- 

A simple method of blood tr irisfiixion 
without canula 

In Tournal of the dmeriian medical 
association 1909, col 52, p 297 
An account of experiments in ccliich the 
end of the arterc is slipped dirccth into 
the end of the c ein 

73 Brewer, George Emerson 1861- &. Leg- 
gett, Noel Bleecker 

Direct blood transfusion be means of 
paiaffin coated glass tubes 

In ‘^iiri/cri/ onnei oloyi/ and obsfit- 
rics 1909, col 9, p 293 
1 he authors propose a necc method to 
ficilitite direct blood tiansfiision 

74 Crile, George ‘Washington 1861- 
Hemorrh lare and transfusion 


N Y and London, 1909, opened d 
p 292 

Illustration of the stages of end-to end 
anastomosis of tcco blood cessels he the 
canula method 

75 Moss, 'William Lorenzo 1876- 
Studies on isoagglutimns and isolienio 
Ic sms 

In Bulletin of the Johns Hopkins 
hospital, 1910, col 21, opened at p 66 
Ihe Moss classification of the blood 
groups This evas done independentlc of 
Janske’s ccork, and the use of both s\s- 
tems of classification caused confusion 
and actual danger 

76 Curtis, .'Vrthur Hale 1881- & Dacid, 
Vernon Ccrenius 1882- 
Transfusion of blood be a necc method, 
alloccing accurate measurement 

In Journal of the American iiicchcal 
association, 1911, col 56, p 35 
Description of transfusion ccith a scringe 
and a tcco-armed canula cchich has been 
coated ccith paraffin on the inside 

77 Kimpton, Arthur Ronald 1881- &. 
Brocen, James Hoccard 188-1- 

A necc and simple method of transfusion 
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In spite of the recommendation that the 
Janski classification should be used uni- 
lersalli, mam institutions continued to 
use the AIoss classification Landstemer 
suEgesLs that the groups be design ited 
hi the letters O, A B and AB, a classi- 
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PROTEINS AS CHEMICAL SUBSTANCES 
AND AS BIOLOGICAL COMPONENTS 

Ed-vvix J Cohn 

Harvey Lecture, Januaiy 19, 1939 



^HE importance of the diverse class of molecules that we 
know as proteins has in recent years become ever more 
apparent Proteins were regarded as chemical substances 
even a century ago Thus m 1838, Mulder reported ele- 
^ mentary analyses of various proteins, including egg and 
serum albumins, and estimated mmimal molecular weights of over 50,000 
on the basis of their sulfur and phosphorus content ^ 

The sulfur and phosphorus analyses of Mulder were m error, and so 
v^ere the atomic weights that he employed But the concept of proteins 
as chemical substances is implicit m his calculauons 

Three years laterf than the number contaming Mulder’s analyses 
there appeared a discussion in Liebig’s Annalen of a commumcanon from 
the French scientist Dems to Liebig m which is described the separation 
of blood proteins mto those soluble m water, and those which were only 
soluble m salt solutions, that is, into albumins and globulins “ A century 
ago, therefore, there was a beginning not only of the characterizaaon of 
proteins as chemical substances, but the fracaonauon of tissues into their 


t In the <irae \olumc a communication of Dr Bence Jones* on the nitrogen containing foodstu^s of 
the plant world on the albumins of the brain and 01 the egg 3 oik ’“cporting analv.es earned out m 
part with Liebig in the Chemical Laboratorv m Gic<scn 


640 


THE BULLETIN 


Tabu: I* 



Fibrin 

Albumin 


KohlenstofF 

54,56 

V Eiern 

— 54,48 

V Serum 

— 54,84 


Wa'?serstofF 

6,90 

— 7,01 

- 7,09 


Stitkstoff 

15,72 

— 15,70 

— 15,83 


SdueistofF 

22,13 

— 22,00 

— 21,23 


Phosphor 

0,33 

— 0,43 

— 0,33 


Schwefel 

. 0,36 

— 0,38 

— 0,68 


Auf die kleinereZahl der Atome von Schwefel undPhos- 

phor berechnet, erhalt man: 




Fibrin u Albumin V Eiern 
Atome in lOOTh 

KohlenstofF . 400 — 54,90 — 

Albumin Y Serum 
Atome in lOOTh 

400 — 54,70 

WasserstofF . . . 

620 

6,95 — 

620 — 

6,92 

StickstofF . . 

100 — 

15,89 — 

100 — 

15,84 

SauerstofF . . . 

120 — 

21,55 — 

120 — 

21,47 

Phosphor 

1 — 

0,35 — 

1 — 

0,35 

Schwefel . . . 

1 — 

0,36 — 

2 — 

0,72 


Atomgewicht == 55692,61 — = 55893,78 


protein components 

In the mter\'^enmg century more and more proteins have been isolated 
from biological systems, purified and characterized by ever improMng 
methods The reserve proteins of the seeds of plants were presumably 
the first to be observed m a crystalline state Until recently the proteins 
most investigated were the seed globulms, the proteins of the body fluids, 
such as hemoglobm, the protein of the blood corpuscle which carries 
oxj'-gen to the tissues, the albumins of serum and of egg white, the casein 
of milk, the fibrinogen of plasma responsible for the clotting of the 
blood, the serum globulins, bearers of immumty, and the globulin of 
muscle, myosin, concerned with muscular contraction The latter pro- 
tein has been repeatedly investigated from many points of view and may 
be said to represent the transition to the study of tissue proteins, that 
IS, to those molecules to which we now look as elements of morpho- 
logical structure in the body 

That certain hormones and enzymes are protein m nature has onl) 
recently become apparent The lodme-containmg hormone of the thy 


* Reproduced from Mulder ’ 
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roid gland, the active principle of which is thyroxm or some closely- 
related configuration, is thyroglobuhn In thyroglobuhn as m hemo- 
globin, the active configuration is a prosthetic group contaimng an 
element— lodme m the one, iron m the other— not found m most protems 
Another hormone which has been proven to be protein in nature is 
the msuhn effective in the treatment of diabetes, discovered by Bantmg 
and crystalhzed by Abel The large number of studies m different labo- 
ratories on insulin have thus far failed to reveal, as du Vigneaud has 
pointed out,^ any prosthetic group and thus demonstrated that a pure 
protein may serve as a hormone 

It IS over a decade smce Sumner^ first crystalhzed an enzyme, the 
urea splitting urease, and found it to be a protein Northrop and his 
colleagues’ crystallization of pepsm, pepsinogen, trypsin, trypsmogen, 
and chymotrypsin,® all digestive enzymes, and Sumner’s of catalase^ fol- 
lowed, and It has become apparent from much of Northrop’s® and of 
Bergmann’s work''’® that the specificity of enzymes depends upon the 
chemical structure of the protein molecule 

The vitamms were discovered as a consequence of mvestigations of 
the nutritional requirements of the body Therapy consisted m addrag 
vitamins to the diet, but then: physiological function and morphological 
locus remained unknown Recently it has been demonstrated that ribo- 
flavin which is part of the vitamin B2 complex is the prostheuc group® 
of the yellow enzyme of Warburg^® and that the carotenoids, which are 
known as vitarmn Ai and A2 are the prosthetic group^^ of visual purple, 
a protem with a molecular weight of about 250,000 

The bearers of immunity have long been associated with the globnhn 
fractions of the serum In how far the very great specificity of immune 
reactions inheres in these, in how far m the specific polysaccharides’^® 
Math which antigens are associated, is still being investigated 

One must now add to the proteins of importance in physiology, 
pharmacology, morphology and patholog}'-, at least certain of the viruses 
hitherto the concern of bacteriology The virus sizes were known as 
the result of a series of ultrafiltraaon studies by Zinsser,” Bechhold,’® 
Elford,’® and others,” but it remained for Stanley’® ’® to isolate the virus 
of tobacco mosaic disease, and demonstrate that it was protein in nature 
The huge size of tobacco mosaic \irus has been deduced from ultra- 
ccntrifugal studies®® and its long as}’-mmetrical shape has been imesti- 
gated by the method of double rcfracuon of flow ®’ ®® Like the myosm 
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of skeletal muscle,-^ tobacco mosaic virus appears to have a length 
greater than 5,000 Angstroms, a value which may be contrasted with a 
diameter of i 5 Angstroms of the carbon atom, and 44 Angstroms for 
proteins of the molecular weights of pepsin, insulin and lactoglobulin 
provided they be considered spherical Not all of the proteins of body 
fluids are, however, to be regarded as spherical, and not all viruses as 
elongated Among the former fibrmogen, the protem involved in the 
clotang of blood, is elongated and among the latter the newly crystallized 
Bushy Stunt virus of the tomato-^ is nearly spherical 

The diversity of the functions subserved by protem molecules is not 
greater than the diversity in their sizes, shapes, and stereochemical con- 
figurations Obviously some of the methods that must be employed for 
the study of these protein molecules were not envisioned by earlier 
chemical and biochemical investigators New methods have been de- 
veloped as the new molecules were discovered and the numbers of 
them that have been and are being perfected is mcreasingly gratifying 

The Polar and Non-polar Groups of Proteins 

Despite the diversity m the form and function of proteins, the num- 
ber of M^ell recognized chemical configurations which constitute the 
side chams of the ammo acids and therefore of the proteins is by no 
means large Without considering here either the methods that are avail- 
able for the estimauon of the ammo acid composition of proteins, or the 
manner m which the peptide chain is ordered m the protem, one may 
consider the nature of the various configurations which constitute the 
reactive groups of proteins In Table II molecular \veights are given for 
a few proteins whose ammo acid compositions have been partially appre- 
hended Only the analytical procedures for sulfur and sulfide sulfur, for 
cystine and methionine, and for tryptophane and tyrosine have been 
employed m estimating them minimal molecular weights which have 
elsevhere been compared"®’^^ with those deduced from the osmotic 
pressure measurements of Sorensen, Adair and Burk, and the beautiful 
ultracentrifugal studies of Svedberg and his coworkers The number of 
sulfhydtyl and methionyl, of indole and phenolic hydroxyl groups per 
mole were then computed The estimates of imidazol groups derived 
from histidine analysis and of guanidine groups derived from argimne 
analysis may be considered fairly accurate But the estimates of — NH , 
equivalen\^ to e-ammo groups, may well be low since they are based upon 
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deterirunations of lysine, often esamated by difference, and besides do 
not include the hydroxylysine whose isolation from protein has recently 
been reported 

The guanidine group is the most basic of which proteins are pos- 
sessed, and the properties of the protammes must in large part be con- 
sidered to depend upon this configuration The E-amino group dissociates 
with a strength which varies widely with its position in the molecule, but 
IS in any case also strongly basic, whereas the imidazole group present 
in such large amounts m hemoglobm dissociates at more nearly neutral 
reactions These three configurations alone bear positive charges m acid 
solutions, are responsible for the caaomc properties of the protems, and 
are present m such amounts as quantitatively to account for their acid 
combmmg capacities 

The dicarboxyhc acids yield free carboxyl groups when bound in 
peptide linkage However, a portion of the dicarboxyhc acids, equivalent 
to that revealed by determmations of ammoma, are considered to be 
present in the native protein as amides of the type of asparagine and 
glutamme The estimate of carboxyl groups, the only acid groups (if we 
omit from consideration those of phosphoric acid) v'hich dissociate m 
relatively acid soluuon and bear negative charges at neutral reactions 
must be considered less satisfactory, not only because of the analytical 
procedures that have thus far been employed, but because the result is 
a difference between various analytical procedures 

Although only carboxyl groups presumably bear negative charges at 
acid and neutral reactions, the phenohc hydroxyl group of tyrosme and 
the sulfhydryl group of cysteme yield negatively charged groups and 
may therefore be considered to add to the amomc valence of proteins, m 
so far as these configurations exist^^ in the native molecule In 

the case of many proteins there is no evidence of free SH groups m the 
native state, but in certain others, such as myosm,®® sulfhydryl groups 
appear to be free, and these should dissociate at roughly the same alka- 
Imiaes as free phenohc hydroxyl groups 

The simplest of the amino acids, glycine, contnbutes neither amomc 
nor catiomc properties to the protem in which it is held m peptide hnk- 
age Nor does it contribute a side cham termmating in a polar or non- 
polar group Absence of side chains permits glycme peptides to pack 
closely in the cr}>'stal lattice and presumably is related to their low solu- 
bilities Residues of glycine situated between those of other ammo acids 
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cannot pack equally closely, but rather may be thought of as creating 
cavities on the surface of the molecule 

Of the side chains which do not lead to ionic configuraaons the 
amide groups combmed with dicarboxylic acids, the hydroxyl groups 
of serine, threonine, hydroxyproline, and presumably other hydroxy 
ammo acids, must be considered very polar ^ On the other hand, the 
benzene ring of phenylalamne, and those parts of the pyrrohdme ring of 
proline that extend from the peptide chain must be considered non-polar 
Aside from its polar nature, the hydroxyl group has significance for 
the chemistry of the protems because of its close relation to the solvent 
water, because of its capacity to enter into ester linkage with acids, being 
the point of attachment of phosphorus at least in certain phosphopro- 
teins, and because of the possible role, not considered here, of the 
hydrox}d bond for internal protein structure 

Whereas the hydroxyl groups of aliphatic ammo acids and of hy- 
droxyprolme, the sulfur of methionine and the mtrogen of the mdole 
group must be considered polar, the configuraaons of which they are a 
part reflect also their non-polar groups Thus tryptophane and methio- 
nine behave in many respects like leucine 

The number of CHs groups vary m the aliphatic series from glycine 
to leucine and this will affect interactions with polar and non-polar 
solvent and solute molecules in various ways Moreover, the spaual 
arrangements of ammo acid residues of various side chain lengths'i' must 
have a determmmg influence on the distance of closest approach of pro- 
tem molecules both with ions, dipolar ions, and uncharged molecules 
It is of interest to note the differences m the free groups of different 
protems (Table II) and to pomt out the importance that must be at- 
tached to the improvement of analyacal procedures upon which our 
noaons of the fine structure of the protems must ultimately rest Many 


* As judged b\ the soIubiUt% ratio in ethanol and water log Nk/No (see Table HI) 
glutamine, as well as aspartic and glutamic acids and all the hydroxy acids studied 
nearlx as polar as ghcine and all more polar than alanine Thus the %alues of log ^ 
ghcine, asparagine glutamine, aspartic and glutamic acids serine threonine and hjdrox>pr 
—3 391, —3 402 —3 466, —2 999, —2 992, —3 362, —3 070, —2 893 
7 ‘the peptides of ghcine m3> be considered as simple cylinders of alternating 
2 61 \ in the neighborhood of the CHj group and 2 12\ in the neighborhood of the im ® 

The a\erage radius on this basis would be 2 32 A , which is one half the distance of neare pi 
of parallel poljpeptide chains” , - , ^ddmc a 

‘Substitution of an alan^l for a gbc>l residue in the peptide chain may be consiacrca a 
branch extending 1 26 A. from the c>linder Valine would extend the branch to ^ order of 

or leucine to 3 78 A and norleucine to 5 04 A Astbur> gi\es a side spacing oi t 

4*^ to 5 A in most of the x raj photographs of proteins ” (p 199) j u the two 

‘In terms of the dimension of the CH- and CONH groups the packing of peptide lb*, 

planes should be gnen bx 4 64 0 e , 2 X 2 32) and 9 68 G e 2 X 4 84) A the anno 

protein having hxdrocarbon chains on the aaerage of the length of \ aline jn this 

acids with longer h>drocarbon chains would of course still further increase the at 
plane between parallel poh peptide chains ^ (p 95) 
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Table II 

NATURE AND NUMBER OF POLAR AND NON-POLAR 
SIDE CHAIN GROUPS OF CERTAIN PROTEINS 


SUBSTAN CE 

MOLECU 

LAR 

WEIGHT 

CATIOMC 

GROUPS 

AMOMC 

GROUPS 

NOS IONIC POLAR 
GROUPS 

? ON POLAP 

GROUPS 

Ginnulinc 

Ammonium 

Imuhzole 

y 

0 

A 

(“ 

0 

Phenolic hydroxyl 

t- 

0 

U 

rs 

W 

W 

Amide 

>> 

y 

0 

Methionyl 

Indole 

C 

ip 

f* 

X. 

r 

Ph 

Bcn/cne 

P> rroltdinc 

Cilycinc 

Number of Groups 

Ghcme 

75 


1 


1 



i 






1 



C\ stine 

240 


2 


2 



2 









Salmin 

5,600 

24 



1 





4 



2 


6 


Egg Albumin 

35,000 

12 

12 

4 

28 

8 


6 

27 


12 

2 

45 

12 

12 


Insulin 

35,000 

6 

6 

18 

36 

24 

38 

36 




81 

+ 

4~ 


7ein 

39,000 

4 

0 

2 

10 

12 


3 


6 

6 


122 

18 

30 


Gliadin 

42,000 

9 

2 

9 

18 

8 


8 

128 

1 

6 

2 

43 

6 

48 

0 

Hemoglobin 

66,700 

16 

38 

33 


12 


4 


8 

4 

4 

180 

18 

12 


Serum albumin 

73,000 

20 

66 

16 

« 

18 

36 

56 

4 


2 

134 

14 

6 


Casein 

96,000 

21 

42 

16 

J4^ 

t 


3 

90 

6 

21 

8 

156 

24 

72 

6 

Edestm 


288 

72 

42 

228 

78 

36 

414 

58 

48 

24 

616 

60 

112 



* The values for the sum of the dicarboxvhc acids thus far available are even smaller than demanded 
by the ammonia analysis The high base combining capacity of serum albumin suggests the desir 
ability of new studies of the dicarboxjlic acids of the serum albumins 
t Too discrepant results to be considered 


In constructing this table the following assumptions have been made relating the groups to the 
ammo acids found on hydrolysis 


Guanidine = 

Ammonium = 

Imidazole = 

Carboxyl = 

Phenolic hydroxyl = 

Sulfhjdrjl or Yi (S S) = 


Arginine 
Lysine 
Histidine 
Aspartic -‘• 
T> rosine 
2 X Cj Stine 


glutamic ^ h>droxj glutamic acid — ammonia 
or alkali labile sulfur if in excess of c>steme sulfur 


Amide 


= Ammonia 


Hjdrox>I = Serine + threonine **- hjdroxjprolme The numbers of the reported residues 

of hjdroxv glutamic acid are 3 for egg albumin 6 for zein 20 for gliadin 
and 64 for casein and not included here but have been counted as carbox>I 
groups 

Mcthion>l = Methionine or total sulfur — alkali labile sulfur 


Indole 


= Trvptophane 


Parafhn 


Dcnrcne 


Pj rrolidine 


= Alanine + valine leucine norleucine Threonine and methiomne are 
not included since certain of their nonpolar groups are situated between 
polir groups The total number of C*H- groups in paraffin side chains 
(alanine serine) + 2 threonine + 3 (valine methionine) + 4 (leucine + 
norleucine) is for present estimates on these proteins 181 324 378 152 
648 474 576 2246 respective^ for egg albumin insulin rein, gliadin hemo- 
globin serum albumin casein and edestm 

= Phenvlalanine In tjrosme the benzene rings are situated between polar 
groups The number of such benzene rings is given bj the number of 
phenolic hvdroxjl groups 

= Proline In bvdrox-vproline the non polar groups are situated between the 
hvdrox>I groups and the peptide chain The numbers of these included m 
the number of h 5 drox\l groups are 2 for zein 4 for hemoglobin 2 for 
ca«ein and 48 for cdestin The hvdroxvl minus the hvdroxyproline groups 
vield of course senne plus threonine 






























646 


THE BULLETIN 


proteins appear to have molecular weights ranging from 34,000 to 
42,000 The analyses on the basis of which their percentile compositions 
have been determined have been,® and will be, discussed elsewhere 
Although It must be remembered that m many cases the number of 
groups of any kind may at this tune only be estimates, since the analyti- 
cal evidence regardmg many of these residues is by no means satisfac- 
tor}7-, there is none the less an advantage in considering the differences 
in protem molecules which emerge from the analyses at present available 

Zem and gliadin among those of roughly the same molecular weight 
are classified as prolamines That is to say, they are insoluble in water, 
but soluble in alcohol-water mixtures Them compositions are known to 
over 90 per cent, and so it would appear to be significant that they con- 
tain but very few basic ammo acids and very few free carboxyl groups, 
but consist predominantly of glutamine and asparagme, of proline and 
of mono-ammo monocarboxyhc acids with paraffin side chains Even 
certain differences between zem and ghadm may be worth noting Thus 
the former is poorer m amide and pyrrolidine groups, whereas the latter 
IS poorer m the number of non-polar CH2 groups m parafiin side chains 

As compared with the six catiomc and eight or ten carboxylic groups 
of zem, and the eighteen caoomc and eighteen free carboxylic groups 
of ghadm, egg albumin has approximately twenty-eight catiomc and an 
equal number of free carboxylic groups and is extremely soluble in 
water, bemg, therefore, classified as an albumm The protem of roughly 
the same molecular weight, crystallized some years since from the albu- 
mm fraction of milk by Palmer,^^ has a solubility of approximately 0 8 
gram per liter m water at 25° C , but is relatively soluble m salt solutions 
and has therefore been called lactoglobulm Although we already know 
a great deal about this protem as a result of physical-chemical studies,^’ 
analytical studies regardmg its ammo acid composiuon remain inade- 
quate 

Tv o of the other proteins of this size have well known physiological 
functions pepsin is an enzyme, insulin a hormone Pepsin is very poor in 
basic ammo acids, rich m free carboxyl groups and has a very acid iso- 
electric point It IS also richer m tyrosine than the other protems thus far 
considered, though not richer than msulm Perhaps the outstanding 
charactenstic of the Ptter protem, however, is the large number of 
cystine residues that : contains rather than its electrically charged 
groupi^^ which would npt appear on the basis of exisang analyses to be 
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very different from those of other proteins Pepsin may be classified as 
a globulin, since it is soluble in salt solutions but not in distilled water 
Certainly there are differences m the composition of these proteins of 
nearly the same size and shape, but certainly also these do not yet suffice 
to allow us to predict behavior— especially physiological behavior 

The evidence thus far available suggests that the molecular weight in 
dilute aqueous salt solution of hemoglobin, of casern and of edesun are 
of the sizes mdicated These molecular weights are many times the mini- 
mal molecular weights calculated on the basis of composition, and it has 
been reported that the molecular weights of these proteins in concen- 
trated urea solutions and also under certain other condiaons are far 
smaller The number of reactive groups of each kind m these proteins 
may most readily be compared with those of molecular weights from 
34,000 to 42,000 by dividmg the results for hemoglobin by two, for 
casein by three, and for edestin by from six to eight Among other dif- 
ferences It should be noted that edestin is far richer in guamdine, and 
hemoglobin in the irmdazole group The imidazole group of the latter 
has been demonstrated to be m such a relation to the prosthetic iron 
containing group that its state influences the combination of the protein 
with oxygen 

Physiological behavior may often depend upon a very small fragment 
of the molecule, the groups of which are arranged in a special configura- 
tion In the case of hemoglobin and of cytochrome, of the hemocyaruns, 
of the yellov enzymes, and of certain other proteins the reactive group 
may be considered as prostheuc, that is, as not being derived from armno 
acids In the case of insulin, however, as we have seen, mvestigation has 
thus far revealed no components of the molecule other than the normally 
occurrmg amino acids, and the specificity of physiological behaiior of 
this molecule,^ as of many enzymes,®^ would thus appear to depend 
merely upon the arrangement in space of charged and uncharged, polar 
and non-polar side chains 

Influence of Polar and Non-polar Groups upon 
S oLUBILITA IN ORGANIC SOLVENTS 

Certain correlations can be made benveen protems that are rich in 
catiomc groups and in acid combimng capacity, beuveen those that are 
rich in amomc groups and in base combining capacit}-, and that are poor 
in ionic groups, and therefore m amphoteric propernes Those among 
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Influence of Influence of 

Organic Molecules Influence of Ions Dipolar Ions 



Fig la 


Fig lb 


Fig Ic 


the latter rich in pyrrolidine and paraffin groups appear also to be more 
soluble in ethanol-M'^ater mixtures than in aqueous solutions and this has 
been the method for their isolation and the basis for their classification 
It has been possible to develop a firm quantitative foundation for these 
generalizations by studying molecules of known structure containing the 
various groups of which proteins are possessed 

Glycine is the most soluble in water of the mono-ammo mono- 
carboxyhc, aliphatic a-amino acids The additional CH2 group of alamnc 
renders it less soluble in water Valine with 3 CH2 groups in its side 
chain IS still less soluble,^® and the solubility of leucine with 4 such CH2 
groups is o 0744 mole per liter as contrasted with 2 886 moles per liter 
for glycine at 25° C These ammo acids are all far less soluble in alcohol- 
V ater mixtures than in water, but the effect of alcohol in diminishing 
solubility IS smaller the larger the number of CH2 groups of tvhich the 
a-amino acid is possessed This is illustrated in Fig la in which the 
logarithm of the solubility in any given solvent, N, divided by that in 
water. No, is plotted as ordinate and the mole fraction ethanol m the 
system as abscissa That the smaller effect of ethanol in diminishing solu- 
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bility the longer the paraffin side chain depends upon the dipolar ionic 
nature of the neutral amino acids has been demonstrated by their com- 
parison with certain of their derivatives that have been purified or 
synthesized by my colleague, T L Meelcm 

Curves describing the behavior m ethanol-water mixtures of the 
formyl derivatives of the anuno acids and their hydantoic acids, also 
form a family, though their shape is quite different from that of the 
ammo acids from which they are derived Whereas small amounts of 
alcohol dimmish the solubility of a-amino acids, they increase the solu- 
bility of their derivatives which are no longer dipolar 10ns This is par- 
ticularly marked with formyUeucine and a-ammocaproic hydantoic acid 
The additional CH2 groups of these molecules as compared with hydan- 
toic acid are reflected by increased solubility in systems rich m ethanol 
The isomeric a-aminocaproic hydantoic acid, in which the CH2 groups 
he between polar groups behaves far more hke the formyl derivative of 
a-armnobutyric acid^”, that is to say, like a molecule with two less CH2 
groups Its solubflity in 80 per cent ethanol is approximately tenfold 
that m water and threefold that m ethanol, a type of behavior charac- 
teristic of the prolamines, zein and gliadin 

The influence of each CH2 group m the transfer from water to 
ethanol would, however, appear to be the same for the a-amino acids or 
for them derivatives This has previously been demonstrated'*® on the 
basis of data such as that in Table III by subtracting log N^/Nq (where 
is the solubility in mole fraction in ethanol) of glycme from alamne 
and from a-aminobutync acid The differences per CH2 group are the 
same, not only for this comparison but for that of the other amino acids 
of the same family that have been adequately studied in this way, as well 
as for derivatives of the amino acids and for isomers of the ammo acids, 
such as the a hydroxyamides, glycolamide and lactamide, which have 
the same composition though different structures than the ammo acids 
Moreover, expressed m these terms the effect is always positive and may 
tentatively be put equal to o 5 Differently stated each CH2 g) oup m 
side chains terminating in a methyl gioup may be thought of as increas- 
ing solubility in ethanol i elative to that m ahater thi eefold for each CHs 
group 

The non-polar CH2 group does not have this effect when placed 
between polar groups ■*' In the pepude chain CH2 groups alternate x%nth 
CONH groups and the element CH2CONH may therefore be con- 
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sidered as the repeating pattern in the protein and as having a length in 
the stretched condition of 3 5 A as revealed by x-ray studies of the 
fibrous proteins 

The influence of the configuration CH2CONH is opposite in sign 
to that of the CH2 group as is demonstrated by the studies of three 
series of compounds in Table III This configuration, which consntutes 
the backbone of the protein molecule, as well as certain protein side 
chains, must therefore be considered strongly polar m nature 

The hydroxyl group must also be considered polar, indeed it is be- 
cause of this group that the glycerols, alcohols, and water are to be 
regarded as polar solvents, water being the most polar since it has no 
CH2 group 

The influence of the hydroxyl group in protems on the transfer from 
water to ethanol is estimated m Table III from a comparison of amides 
and hydrox}mmides, of serme and alanine and of threonme and a-amino- 
n-butyric acid The comparisons of hydroxyprohne and proline and 
of tyrosme and phenylalanme are omitted, smce they include the effect 
on non-polar carbon rings of their position between polar groups 

The sulfur of methionine is betiveen non-polar groups, and compari- 
son of this molecule with one of the same composition save for the sulfur 
suggests that the latter diminishes the influence of the paraffin side chain 
by an amount approximately equal to one CH2 group Comparison of 
phenylalamne with alanine however demonstrates that the effect of the 
non-polai benzene ting is of the same sign as the effect of the CHi 
group, but opposite in sign to the CHsCONH and OH gioups 

Far greater than any of these is the influence of dipolar ionic struc- 
ture The demonstration in 1923 by Bjerrum^° that amino acids were to 
be regarded as zwitterions or dipolar 10ns rendered it possible to under- 
stand the very strongly polar nature not only of amino acids, peptides 
and protems, but their far higher solubility in water than in non-polar 
solvents The amino acids are compared with certain of their derivatives 
in Fig I and in Table III The change m log Nj,/No may be taken as 
close to —2 7, whether ammo acids and peptides are compared with 
hydantoic acids or with a-hydroxy-amides The influence of dipolar 
ionic stiuctuie upon this tiansfer is therefoie at least four times as great 
as that of an hydroxyl group or of the CHsCONH conflguration Al- 
though the backbone of the protem may thus be conceived of as con- 
sisting of alternating polar and non-polar groups, and although many of 
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Tabus III 

INFLUENCE OF STRUCTURE ON SOLUBILITY IN WATER AND 

ETHANOL AT 25° 





0 

"N 

Substance 

tOG Njl/No 

LOG Na/No 

u 

0 

< 



Influence of CH 2 group 


Ghcme-alanine 

1 —3 391 

1 —2 

856 

+0 54 

Glvcine-a-aminobutyric acid 

1 —3 391 

1 —2 

375 

+0 60 

Glycine-a-aminocaproic acid 

—3 391 

— 1 

414 

+0 49 

Valine-leucine 

—2168 

— 1 

622 

+0 64 

Hydantoic-a-alanine hydantoic acid 

—0 630 

— 0 

137 

+0 49 

Hydantoic-a-aminocaproic hydantoic acid 

—0 630 

+1 

352 

+0 49 

Glvcolamide-lactainide 

—0 799 

— 0 

254 

+0 64 

Glycolamide-a-hydroxycaproamide 

—0 799 

-f-1 

084 

+0 47 

Formjlglycine-formylaniinobutyric acid 

—0 330 

+0 

651 

+0 49 

Formjlglycine-formylleucine 

—0 330 


556 

+047 


Influence of CHgCONH group 


Glvcine-diglycine 

—3 391 

—4 367 

—0 98 

Gl\ cine-tnglycine 

—3 391 

—4 965 

—0 79 

Hydantoic acid-diglycine-hydantoic acid 

—0 630 

—1 533 

—0 90 

Hjdantoic acid-trigljcme-hydantoic acid 

— 0 630 

—2 258 

—0 81 

Glycolamide-glycolylglycine anude 

—0 799 

—1 517 

—0 72 

Influence of OH 

group 



Acetamide-glycolamide 

—0120 

—0 799 

—0 68 

Propionamide-lactamide 

+0 016 

— 0 254 

—0 27 

Cap^oa^lIde-a-hyd^ox^ caproamide 1 

+1 726 

+1 084 

—0 64 

Alanine-serine 

—2 856 

—3 362 

—0 51 

a-Anunobutync acid-threonine 

—2 375 

—3 070 

—0 69 

Influence of methionjl sulfur 

a-Aniino\ aleric acid-methionine 

1 90* 

—2 444 

1 —0 54 

Influence of benzene ring 

Alnnme-plienjlalanine 

—2 856 

—1453 

+140 


Influence of dipolar ionization 


Gl\ cme-glj colaniicle 

—3 391 

—0 799 

—2 59 

Alanine-lictanude 

—2 856 

—0 254 

—2 60 

Norleucine-o-lndro\% caproamide 

-1 414 

+1 084 

—2 50 

Gl\ cine-ln dantoic acid 

—3 391 

—0 630 

—2 76 

Alanine-alanine In dantoic acid i 

a- Vmmocaproic acid-a-aminocaproic Indantoic 

—2 856 

—0137 

2 72 

acid 

—1 414 

+1 352 

—2 77 

Dighcme-ghcohlghcine amide 

—4 367 

—1 617 

—2 83 

Diphcme-dighcine hydantoic acid 

— 4 367 

—1 533 

—2 83 

a rigU cme-trigL cine ha dantoic acid 

— 4 965 

—2 253 

—2 71 


Interpolated from a ommobutjric and o atninucnproic acids 
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the Side chains of proteins are polar, the ionic groups and the dipolar 
ionic structure of proteins must be considered for an adequate under- 
standing of protem behavior 

The properties of the proteins must from this pomt of view be con- 
ceived of as depending upon the properties, the number and the distri- 
bution of the polar and the non-polar, the ionic and the uncharged 
groups of which they are composed, of their volumes, their moments, 
their arrangements in space, and their reactivities with 10ns and other 
dipolar 10ns 

Influence of Polar and Non-polar Groups upon Solubility, 
AND UPON Activity' Coefficients of Dipolar 
Ions in Salt Solutions 

The precipitation of proteins by neutral salts has been employed as 
a method for “their separation, purification, characterization and occa- 
sionally classification”^^ ever smce the “procedure was first employed m 
the middle of the last century by Panum,°^ Virchow^® and Claude 
Bernard Hofmeister demonstrated that “saltmg-out” depended upon 
the character of the neutral salt as well as of the protein, and his studies 
of solubility in concentrated salt solution have smce been supplemented 
by those of Chick and Maran,®^ Sorensen and his coworkers,®® and by 
various studies from this laboratory Certain of the results in con- 
centrated ammomum sulfate solutions are graphically represented in 
Fig 2 in which the logarithm of the solubility is plotted as ordinate and 
the ionic strength, T/2, as abscissa The linear relation that then obtains 
was demonstrated in 1925®° and its significance discussed This “saltmg- 
out” relation is characteristic not only of proteins but of gases, of un- 
charged molecules and, in sufficiently concentrated solutions, of electro- 
lytes The problem that remained therefore was to determine which 
groups, or arrangement of groups, of proteins led to then being readily 
precipitated, which to then being precipitated only from concentrated 
solutions of certain neutral salts 

On the assumption, implicit throughout this discussion, that ammo 
acids containing the same groups are the prototypes for protein behavior, 
one may consider the solubihty in salt solutions of these smaller mole- 
cules of known structure Pfeiffer and his colleagues'*® demonstrated 
that the solubility of leucine was decreased with increase in sodium 
chloride concentration, but that the solubihty of glycine and aspartic 
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acid Mas increased Tryptophane and tyrosine®^ behave much hke leu- 
cine, but the solvent acaon of sodium chloride upon asparagine is greater 
than upon glycme, whereas that of a-ammo-n-butyric acid is but httle 
influenced by low concentrations but precipitated by high concentra- 
tions of sodium chloride 

Certain of these results are graphically represented in Fig ib The 
solubility in water of leucine is so low that solubihty ratios may be 
considered to yield activity coefficients, but that of glycme is so high 
that a correction must be made for the activity coeflScient of glycme m 
Its own saturated solutions (Fig ic) The activity coefiicient of glycine 
in sodium chloride, calculated from the freezmg point measurements of 
Scatchard and Prentiss,®^ have therefore been substituted m Fig ib for 
the earher solubility measurements 

All of the amino acids whose activity coefficients are considered m 
Fig I are a-airuno acids and therefore have the same moment due to 
their dipolar lomc structure They differ from each other only m the 
length and nature of their side chains The “salung-out” effect is great- 
est for leucine which has the largest number of non-polar CHs groups, 
and begins at low salt concentrations as is the case with such protems as 
fibrinogen ® ' 

a-Aminobutyric acid with a smaller paraffin side chain is precipitated 
only from concentrated solutions as is the case with most protems That 
the “saltmg-out” from aqueous solutions does not depend completely 
upon the volume of the molecule follows from the comparison of the 
solubilit)^ m salt solution of a-ammobutyric acid with asparagine and 
glycme The two former have almost idenucal apparent molal volumes,®® 
yet the activity coefficient of asparagine is shghtly greater than that of 
glycme, presumably because of the polar nature of its termmal amide 
group 

Protems hke ammo acids may be precipitated from aqueous solution 
either by organic solvents, such as alcohol and acetone, or by neutral 
salts, such as phosphates and sulfates For the ammo acids and presum- 
ably for the protems, precisely the opposite groups are responsible for 
these effects The order of precipitation is inverted m Figs la and ib 
Molecules with side chains termmatmg m non-polar groups, though 
less soluble in the polar solvent, water, are not so readily precipitated by 
organic sohents as those of the same dipole moment but whose side 
chains terminate m polar groups They are however more readily pre- 
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cipitated by neutral salts Conversely, molecules constituted predomi- 
nantly of polar groups are more soluble in the polar solvent, water, from 
which they are precipitated by organic solvents but dissolved by neu- 
tral salts, especially by salts of univalent anions and multivalent cations 

Influence of Polar and Non-polar Groups upon 
THE Activity Coefficients of Dipolar Ions 

The mteracnons of importance in biological systems are not only 
those betiveen ions and dipolar ions, but also those between the various 
lomc and especially dipolar lomc species present as components The 
present state of experimental and of theoretical knowledge regarding 
mteracnons between dipolar ions in aqueous solunon have recently been 
considered elsewhere®” When one of the dipolar ionic species is but 
shghtly soluble, as in the case of asparagine and cystine, solubility 
methods have been employed in estimating the acovity coefficient of one 
component in the presence of the other Such knowledge has now been 
supplemented by freezing point and vapor pressure measurements upon 
ammo acid solutions, and has yielded the activity coefficients of the 
smgle solutes as a function of their concentration 

The simplest dipolar ion, glycine, has been investigated both by 
freezing point®® and by vapor pressure®^ ®® measurements The results 
are m excellent agreement and are graphically represented in Fig ic 
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Influence of Ions Influence of Dipolar Ions 



in which they are contrasted with activity coefficients calculated from 
vapor pressure measurements for alanine, a-armno butyric acid and 
valine These results may, therefore, be compared with changes m the 
activity of the same components brought about by neutral salts (Fig 
ib) The comparable nature of the forces between dipolar ions and 
betveen 10ns and dipolar 10ns is evident The influence of glycine 
molecules upon each other, or upon other dipolar 10ns, is superficially' 
not dissimilar to that of sodium chloride (Fig 3) Dipolai ions with 
paraffin side chains, howevei , aie '‘salted-ouf by each other much as 
they are by neutial salts 

In how far the activity coefficient of a dipolar ion will deviate from 
unity, in how far its interactions with other dipolar 10ns or with 10ns 
will lead to mutual precipitating action or mutual solvent action, will 
thus depend upon the balance between its non-polar groups and polar 
groups, especially its dipolar ionic groups 

Influence of Dipole Moment upon the Acti\ it\ 
Coefficients of Dipolar Ions 

The polarity of a group is quanuuvely measured only in the gaseous 
state or in non-polar solvents and is generally defined as a displacement 
of “the center of gravity” of the positive charge from that of the nega- 
tive charge The dipole moment is the product of this distance and of 
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the charge on the electron, 4 8 X io“^° The moment of the alcohols due 
to their hydroxyl group is i 7 X lo"^® electrostatic units, and that of 
water is only shghtly higher, i 87 X io“^® The esters of the amino acids 
have been studied m benzene,®^ and the moments and volumes of the 
groups that we have been considermg have been estimated from these 
and related studies The moments of urea, ammo acids, peptides and 
proteins are all far higher than these Urea has a moment of 5 4 X io“^® 
electrostatic units, but those of a-ammo acids have been estimated to be 
approximately 15, of cystine 27, of diglycme 26, triglycine 32, hsyl- 
glutamic acid 59, of egg albumin 180, of hemoglobin 500, of lacto- 
globulm 700, and of pseudoglobm 1300 X io“^® electrostatic units*' on 
the basis of dielectric constant measurements 

In the preceding discussion only a-ammo acids or their dernauves 
have been considered The distance of separation between the positively 
charged ammonium and the negatively charged carboxyl group was 
therefore always closely the same and equal approximately to 3 A This 
distance of separation is, of course, greater m the peptides, and this is 
reflected by larger dipole moments In the case of the proteins the mag- 
mtude of the dipole moment depends upon the spatial distribution of the 
ionic groups W ere the catiomc groups all at one edge of the molecule 
and the carboxylic groups at the other, the dipole moments would be 
many times larger than those observed On the other hand, were the 
electrically charged groups arranged with complete electrical symmetry, 
the molecule would have no dipole moment All proteins thus far inves- 
tigated have dipole moments, and if these are small m comparison with 
what they might be on the basis of the number of ionic groups, and the 
dimensions of proteins, they are far larger than those of any other know n 
substances 

The interactions of peptides and neutral salts (m regions of lov di- 
electric constant where the “saltmg-out” effect is small in comparison 
with Coulomb forces) have previously been reported and demonstrated 
to increase with increase in dipole moment Moreover, the lognuthm 
of the activity coefficient avas found to inci ease by somevuhat less than 
the first povoei of the dipole moment 

Neutral salts have a profound solvent action upon the class of pro- 
teins termed globulins This effect, first noted by Denis, vas investigated 

' , t 31 J ^ 

* The electric moments of peptides and proteins ha\e rccentlj been oj la *0 

the methods of measurement and of calculation art therefore o ^ 

globulin IS from measurements b> J D Ferry, Cohn, Oncley and Blanchard 
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m 1905 by W B Hardy"^ and by Mellanby"- for serum globubn, and 
by Osborne and Harris’”^ for edescm The changes in solubility obsen’-ed 
are so large as to form the basis not only for classification but also for 
methods of purification Presumably the dipole moments of these mole- 
cules are also very large but they have not yet been investigated, nor 
have preparations of these proteins been available m such a state of pur- 
ity that their solubihty in solution was independent of the amount 
present in the solid phase 

Hemoglobm and lactoglobulm satisfy this criterion as closely as any 
proteins thus far investigated Activity coefficients in aqueous sodium 
chloride of hemoglobin®^ and lactoglobulm^^ have been calculated from 
solubihty measurements, and are graphically represented m Fig 3 a, 
where they are compared with those of glycine, asparagme and cystine 
As m the case of the peptides, the logarithm of the activity coefficient 
increases with the dipole moment, and as a first approximation, by 
slightiy less than the first power of the dipole moment 

These results would lead one to conclude that globulms were pro- 
teins of high dipole moment Their low solubihty m water presumably 
mheres, therefore, m very high crystal lattice energies for this class as 
for the peptides of glycine ^ 

The dipole moments of protems would appear to be one of their 
most important characteristics, largely defining not only their inter- 
actions with neutral salts, but also with other dipolar 10ns The solvent 
action of glycine upon hemoglobm has been investigated by Richards,®^ 
and upon lactoglobulm by us Activity coefficients calculated from 
these results are graphically represented m Fig 3 b m which they are 
compared with the ammo acids, glycme, asparagme and cystine The 
similarity m the action of sodium chloride and of glycme is evident, 
both m the interactions of dipolar 10ns and of 10ns and dipolar 10ns, and 
—log y would appear to increase by something less than the first power 
of the dipole moment 

The presence of greater numbers of paraffin side chains on the di- 
polar 10ns decreases these interactions The interactions benveen 10ns 
and dipolar 10ns would also be smaller if, as anions, we considered phos- 
phates, sulfates or acetates, or as cauons potassium, rubidium or cesium 
On the other hand, they vmuld be greater v ere the amons bronudes or 

* of phcine are more insoluble the larpc' the number o gUeme fe«:idu*« in the cham 

'Jn the other hand for molecules «uch as a and alanine and c and e aminocap''o:c acids the"" isomer 
t Q»polc moment is the more «oIubIe when the^e is no difiercrce in den it\ in the solid 
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iodides, or the cations lithium or calcium,’" strontium or lanthanum 

Influence of Dielectric Constant upon the 
Activity Coefficients of Dipolar Ions 

The dielectric constant of a soluuon may be conceived of as a meas- 
ure of the dipole moments of the polar groups, and the number of these 
contained per unit of volume The dielectric constant of a vacuum is 
thus unity, and that of the alcohol series is larger the smaller the number 
of non-polar CH2 groups to which the polar hydroxyl group is attached 
Indeed it can be shown that the product of the molal volume and the 
dielectric constant of solutions of the alcohols from heptanol to methanol 
IS essentially constant^® and that this relation extends also to the first 
member of the series, water, which has a dielectric constant of 78 54 at 
25° C as compared with 3271 for methanol, 2428 for ethanol and 
20 83 for acetone 

But few solvents have higher dielectric constants than water Among 
them are hydrocyanic acid and formamide The latter substance is the 
first member of the aliphatic amide series, and is m the same relation to 
acetamide and proprionamide as water is to methanol and ethanol Two 
of the most polar solvents known, therefore, possess this property by 
virtue respectively of the hydroxyl and amide groups, both of which, 
as we have seen, are present m large numbers as constituent parts of 
protein molecules 

Aqueous solutions of urea have higher dielectric constants than 
water, and the moment of urea has been estimated, as we have seen, to 
be 5 4 X I o~^® electrostatic units, or roughly, three times that of the 
hydroxyl group The moment of glycine, 15 X io“^® electrostatic units 
IS, how ever, three times that of urea, cannot be ascribed to the moments 
of Its polar groups, and is thus evidence of the dipolar ionic structure of 
the amino acids The dielectric constant of solutions containing glycine 
IS greater by 2 3 per mole of glycine per liter of solution This dielectric 
constant increment would appear within the limits of measurement to 
be the same for all a-ammo acids, to be greater by 13 3 for each CH: 
group separating the positively charged ammonium from the negatn cly 
charged carboxyl group, and by 46 o for each CH2CONH group sepa- 
rating the dipolar ionic groups m the series of monoamino-monocar- 
box}dic peptides that have thus far been investigated ‘ ‘ 

* That IS assuming that calcium did not lead to a change in the molecular weight of the pr 
appears to be the case for casein'* and certain serum globulin fractions 
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Dispersion Curves of Proteins 

Log ,Q Wave iengih in Meters 

3 25 2 



Fig 4 


Peptides have been studied which like cysune contain two posinvely 
and two negatively charged groups The dipole moments of such mole- 
cules depend upon the spatial arrangement of the charged groups and 
so do their dielectric constant increments This is equally true of the 
multipolar proteins whose moments have been estimated by means of 
dielectric constant measurements 

Methods of measuring the dielectric constants of protein solutions 
have elsewhere been discussed,®^ but the significant results of such 
measurements may well be considered Placed m an altematmg field the 
isoelectric protein molecules are oriented by virtue of their dipole 
moments and the capacity of the system and dielectric constant of the 
solution is thus increased The curves m Fig 4 represent this effect, the 
dielectric constant increments being given by the measurements at low 
frequency as 3,100 for egg albumin, 22,000 for hemoglobm and 56,000 
for lactoglobulin Of the fracnons of cr}'^stallized serum albumin that 
ln\ e been invesugated®® the more soluble has a dielectric constant mcre- 
ment of nearly three times the least soluble fraction thus far invesngated 

At higher frequencies the large protein molecules can no longer 
follow the alternating potential and dispersion of the dielectnc constant 
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results Plotting the measured dielectric constant against the frequency- 
yields dispersion cuir'^es of the kind represented in Rg 4 At sufficiendy 
high frequencies, the dielectric constant measured is actually smaller than 
that of the pure solvent, and this effect will be greater the larger the 
volume of the protein which is no longer able to follow the current and 
the larger, therefore, the number of the smaller solvent molecules which 
would be able to follow the current at these frequencies, but which are 
displaced by the protein molecule 

The critical frequencies approximately represented by the midpoints 
of the dispersion curves are thus characterisac of the size and shape of 
the protein molecule, and are functionally related to the relaxation umes, 
a quantity which presumably is of significance in electro-physiology 
If proteins have different moments but the same size and shape, they will 
have the same relaxation time, and this would appear to be the case for 
all the crystalline serum albumin fractions thus far investigated Mole- 
cules of the same size but different shape will, however, have different 
relaxation times, and this is true among those whose molecular weight 
lies between 34,000 and 42,000 of egg albumin and lactoglobulin, and 
among those whose molecular weight lies between 66,000 and 73,000 of 
hemoglobin and serum albumin The latter is presumably the more asym- 
metric and therefore diffuses more slowly, has a higher viscosity and a 
higher relaxation time 

Measurements of dielectric constant may thus be employed in esti- 
mating not only the dipole moments of proteins, but also then relaxauon 
times, sizes and shapes,^® and may be expected to be of great value 
m the characterization of proteins Moreover, the dielectric constant of a 
solution IS one of the most important quantines in determining inter- 
actions in which electrostatic forces play a role The high dielectric 
constants of protein solutions suggest that many systems of biological 
importance have high dielectric constants, and that an adequate under- 
standing of interactions m certain cells and tissues demands the develop- 
ment of a chemistry for systems of high dielectric constant 

There is a growing body of knowledge regarding the influence upon 
10ns of substances that increase the dielectric constant of aqueous solu- 
tions The influence of amino acids and proteins upon msoluble salts has 
been explored by the method of solubility®" and upon soluble salts by 
the freezing point method,®"®^ or the electromotive force method 

Rates of reaction depend upon the activity coefficients of the reac 
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Fig 5a Fig 5b Fig 5c 


tants The influence of substances which increase the dielectric constant 
has been explored upon the reacaon of a substance (thiosulfate) on the 
one hand with uncharged molecules, on the other with ions The rates 
of reaction with the uncharged molecules, mcreased by ethanol and to a 
small extent by urea, were found to be decreased by dipolar ions much 
as they were by ions (Fig 5 c) On the other hand, rates of reaction with 
ions (Fig 5 b) were found to be increased by urea and dipolar 10ns as 
well as by 10ns That the influence upon the rate of reaction was not due 
merely to change in dielectric constant was demonstrated, however, by 
the study of solutions iso-dielectric with water The dipolar 10ns em- 
ployed M'^ere amino acids Those of greater molecular weight and elec- 
trical moment, such as are more characterisac of proteins, remam to be 
investigated, both from the point of view of their influence upon the 
environment, and of their role as reactants and as enzymes 

The lowered activity coefficients of 10ns in dilute aqueous solution 
have been demonstrated®^ to depend largely upon electrostatic forces 
Such forces, accordmg to Coulomb’s law, are inversely propornonal to 
the dielectric constant In regions of high dielectric constant, therefore. 
Coulomb forces are diminished and activity coefScients increased Under 
these circumstances forces such as those of van der "V^^aals become laro-e 
in comparison with the greatly dimimshed Coulomb forces, and differ- 
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ences m the behavior of ions of the same valence type and of dipolar ions 
of the same electric moment become apparent * It is under these circum- 
stances that the so-called Hofmeister series is obsen’'ed and that great 
specificity of interaction may be expected 

The influence of dipolar ions upon ions and other dipolar ions in 
systems of many components will thus be to raise the dielectric constant 
and thereby to diminish electrostatic forces Systems containing ions and 
two dipolar lomc species are the most complex that have thus far been 
investigated,®® but studies upon systems which approach still more 
closely to those that obtain in nature are in progress, and there would 
appear to be no differences in prmciple which should make it impossible 
to pass from the investigations that have been carried out thus far to the 
study of interactions between the components of the cells and tissues of 
the body 


SUMMARX' 

In order to gam insight into the behavior of even the simplest pro- 
teins, we have thus been forced to explore the behavior of molecules of 
known structure such as the ammo acids and peptides Only those pro- 
teins have been considered m this discussion which have been isolated in 
a relatively pure state, and could therefore be mvestigated as chemical 
substances The methods would appear to be at hand, however, for the 
study of all proteins There is no theoretical obstacle to the isolation of 
all the protein constituents of any given tissue, or to them characteriza- 
tion as chermcal substances, and to the study of their interactions as 
biological components Proceeding thus, often with new techniques, but 
employing the classical methods of physical chemistry, we may hope 
m time to achieve an understanding of the morphology and physi- 
ology of biological systems m terms of the properties of their com- 
ponents 

The description of the proteins of tissues as biological components 
of known size and shape, the number and distribution of their free 
groups apprehended and the mechanism of their interactions described 
remain largely to be accomplished These will depend m many cases 
upon the spaual configuration of the free groups of the ammo acids of 

• Comer'eh, the loner the dielectric constant the greater the Coulomh forces the 

salting out effect and other non Coulomb forces Under these conditions considered j 

vnnciple of the ionic strength obtains in the interactions between ions and diponr ion 
\alence of the former and the electrical moments of the latter determine hehaMor 
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which they are composed, and in others upon the presence of more 
specialized prosthetic groups 

The properties of the proteins as a class perrmt certain generalizations 
to be made By virtue of thetr large size protems are retamed by cell 
walls through which oxygen and carbon dioxide, urea and lactic acid, 
ammo acids and many salts freely pass 

By virtue of their lomc nature protems form salts with each other 
and with smaller organic and inorganic acids and bases Certain of these 
are completely dissociated, others have been judged to be undissociated 
on the basis of freedom of the non-protem ion to diffuse or to give some 
chemical test The precise nature of most of these interactions remams 
to be investigated 

By virtue of their dipolar ionic structure protems have high electric 
moments These lead, as we have seen, not only to dipole-dipole inter- 
actions, but to formation of dipole pairs and to aggregates containing 
larger numbers of molecules, often arranged with spaual symmetry with 
respect to each other and dependent upon the shapes of the molecules, 
the number and distance from the edge of their electricaUy charged 
groups and the resulting dipole and mulupole moments As a hmiting 
case the electric moments m the solid state lead to high crystal lattice 
energies not only m the packing of chemical individuals but of mixed 
crystals 

By virtue of their high dipole moments protems contribute high 
dielectric constants to their solutions In environments of high dielectric 
constant Coulomb forces are reduced and conditions obtain that differ 
Widely even from those characteristic of dilute aqueous electrolyte 
solutions Although completely dissociated, electrostatic interaction is 
so reduced that the principle of the ionic strength no longer determines 
behavior Under these circumstances, differences m size and shape as 
well as m valence must be taken mto account and non-electrostatic, 
especnlly van der A^^aals forces, acquire primar)'' significance Under 
these conditions the behavior of glycine is readily distinguished from 
that of alanine and of sodium from that of potassium 

By \irtue of their hmh dielectric constants the activity coefficients 
of both 10ns and dipolar 10ns are generally greater than they would be m 
dilute aqueous solution As a consequence lavs of ideal solution ma\ 
more often be found to obtain m concentrated biological sj'^stems than 
in dilute aqueous solution Since rates of reacuon are dependent upon 
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the activity coefficients of the reactants, the high dielectric constant 
of many biological systems may be expected to play an important 
role in the kinetics of biological systems 

Various laws in terms of udiich interionic and intermolecular acoons 
may be described are recent contributions of physical chemistry Many 
of them are applicable to biological systems in terms of the parameters 
that have been discussed It remains to describe in far greater detail the 
characteristics of the protems of biological systems as chemical sub- 
stances and approach ever more closely to the conditions that obtain 
in biological systems, and which in large part depend upon the highly 
specialized physical-chemical characteristics of the protein molecule 
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fancy than the more recently accumulated physiologic facts u ould seem 
to justify I shall, therefore, devote little or no time either to attacking 
or defending any system of terminology, or in discussing the purely 
morphologic basis for cell classification Rather, I shall invite your atten- 
tion to certain broad, general principles of blood cell growth and blood 
cell responses, an understanding of which should permit each physician 
to envisage for himself the underlymg hematopoietic and tissue reactions 
in disease, on the basis of currently obtainable data from the nevTr types 
of blood cell studies (not “counts”) 

Five fundamental questions, peculiar to and inherent in hematopoieuc 
tissue, have formed the focus for all of the more recent physiologic stud- 
ies of the phenomena involving the blood cells ( i ) the nature and signifi- 
cance of cell origins, (2) the functional specificity and interrelationships 
of each definitive cell type, (3) the factors essential for differentiation 
and cell maturation, (4) the forces governing cell delivery and distribu- 
tion, (5) the conditions influencing cell destruction 

Embryologic Hematopoiesis 

Embryologists are in general agreement that the blood cells derive 
originally from the mesodermal rather than the ectodermal or entodermal 
cell layers (Fig 2) It is also now accepted that the first blood cells to 
form in the embryo are the red cells, and that they arise intravascularly 
Danchakoff^ and Alaximow^ both affirmed this in 1908 and 1909 using 
fixed tissues Sabin" in 1920 actually obsen^ed in continuous studies of 
the hvmg chick blastoderm of the second day of incubation, mesoderm 
differentiating into angioblasts, which in turn gave origin to the first 
hemoglobin synthesizing cells, the earliest endothelium, and the first 
blood plasma, megaloblasts, thereafter, arose from and developed within 
the vascular endothelium of the area vasculosa 

KnolP (1927-29) m a series of thirty-nine human embryos, obtained 
also in the living state and studied for the development of the hemato- 
poienc ussues, found that the blood contained only red cells through the 
second month of gestation Granulocytes appeared about nvo and one- 
half months after the red cells, and the lymphocytes still later Only by 
the third month were white cells to be seen in appreciable numbers in 
these human embryos During the third month the formation of the blood 
cells is taken over by the liver By the latter part of the third and during 
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the fourth month changes begin m the cartilage cells in the center of the 
shaft of the long bones Vessels from the perichondnum penetrate into 
the zone of softening cartilage, carrying along connective tissue ele- 
ments The primitive mesenchymal cells of the marrow at this stage were 
accurately described and beautifully illustrated by Maximow® in 1910 

Bone A'Rrrow as an Org^n 

In the hypoplastic areas of adult human marrow, this same simple 
organization of the marrow parenchyma is maintained and when ana- 
lyzed, the tissue may be seen to be composed only of fat cells, vascular 
endothelium, and reticulum, 1 e mesenchymal, ceUs Such a marrow pro- 
' ides the starting point, as Peabody’ reemphasized m 1926, for approach- 
ing an understanding of cell origins and cell relationships m the more 
densely hyperplastic areas of active red marrow According to one school 
of hematologic thought, as the need for increased red blood cells arises, 
the fat cells in a quiescent sector are rapidly demobilized, the endothelium 
lining the mtersinusoidal capillaries hypertrophies and divides, with 
the intravascular appearance of megaloblasts, subsequently these baso- 
philic cells until vesicular nuclei and large single nucleoli, multiply as 
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they gradually elaborate hemoglobin and eventually form the typical 
scattered, circumscribed intravascular islands of erythroblasts and normo- 
blasts so characteristic of “red” marrow Full maturity embodies loss of 
pyknotic nucleus coincident with development of complete complement 
of hemoglobin and cell delivery through recanalization of the non-patent 
crythrogemc capillary If the need is for granulocytes and thrombocytes, 
the mesenchymal “rests” (reticulum cells) show increased mitoses v ith 
the appearance of myeloblasts and megakaryocytes forming the center 
of extravascularly located foci of myeloid multiplication and matura- 
tion 

The Lymphocyte Question 

Another interpretation of such hematopoietic activity attributes to 
one, common, free, stem cell, a so-called lymphocyte, multi- or toti- 
potentiahnes for all other defimtive blood elements The principal divi- 
sion of opinion at the present time would seem to hinge upon the con- 
ception, or the definition, of a “lymphocyte ” Probably no amount of 
discussion, based solely upon morphologic detail, can ever effectively 
settle the points at issue There are none of the more distinctive charac- 
teristics, such as hemoglobin, specific granules, or patterned vacuoles to 
differentiate sharply the so-called small circulating lymphocyte of nor- 
mal blood from other simple, undifferentiated mononuclear elements 
Moreover, certain it is that each definitive strain of blood cells originates 
from a simple, relatively less differentiated, basophilic mononuclear cell, 
and only gradually evolves or elaborates its distinguishing cytoplasmic 
and nuclear characteristics The farther back in the life cycle of any 
blood or connective tissue cell the hematologic investigator goes, the 
harder it is to differentiate on morphological grounds alone Indirect, as 
\\ ell as direct, means must often be utilized in ascertaining essential iden- 
tifying data Pappenheim’s original concept of a common stem cell, the 
lymphoidocyte, for all the blood cells, while receiving frequent reaffir- 
mation (Maximow,^ Danchakoff,® Weidenreich, Jordan,® Ferrata, Latta 
and Fillers, Bloom, Lewis and Lewis) has also been frequently challenged 
(Ehrlich, Naegeli, Schridde, Schilling, Krumbhaar, Sabin, Cunningham 
and Doan, Peabody, Clark and Clark, Seeman, Tischtschenko Hall and 
Furth) Jordan and his associates in a series of studies (1920-1936) of 
hematopoiesis m the frog, conclude that the differentiation of lympho- 
cytes originating from reticulum cells gives rise to all of the various types 
of definitn e blood cells Tischtschenko®, on the other hand, y orking m 
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His’ laboratory in Berlin (1931) concludes that the myeloid and lymph- 
oid elements in frog’s blood “must belong unconditionally to two dif- 
ferent hemocytogenic systems ” Bloom, at the Unn ersity of Chicago, 
has cultured the cells from thoracic duct lymph and obsen'ed the trans- 
formation of large and small lymphocytes into inflammatory polyblasts^° 
(1928) and granulocytes^^ (1937) The Clarks^- (1930) at the Univer- 
sity of Pennsylvania, and Seemann*^ (1930) working under Aschoff’s 
direction at the Pathologic Institute of the University of Freiburg, have 
been unable to interpret in this way their observations, and Seemann, after 
an extensive cytologic survey in the rat, reports that “the real lymphocyte 
from lymphatic tissues is not capable of transformation into monocytes 
and histiocytes,” and states, furthermore, that the “extreme monophy- 
letic school of Maximow places' under the category of lymphocytes 
entnely different forms of cells, which are only sepaiated by siipiavital 
staining or biological experiment ” This was the conclusion of Sabin, 
Cunningham and Doan“ earlier (1922-1925) working at Johns Hopkins 
with the supravital technique and in vivo animal experimental procedures 
These investigators defined and differentiated the life cycle of each of 
the definitive strains of blood cells, ascribing to the specific endothelium 
lining the intersinusoidal capillaries in marrow the intravascular origin 
and development of the megaloblast and its progeny, to the extravascular 
mesenchymal reticulum, the “primitive free cell,” lymphocyte-like in 
size and superficial characteristics, from which the myeloblast, lympho- 
blast and monoblast derive under appropriate conditions An extended 
and comprehensive series of experiments followed at Harvard and at the 
Rockefeller Institute, correlating cell form with cell function under 
both physiologic and selected pathological conditions, which included 
the significant studies of Wiseman^^ all tending to establish the speci- 
ficity of the life cycle and the functional independence of the so-called 
small lymphocyte of blood and lymph nodes Hall and Furth^® (1938) 
using thoracic duct lymph from normal dogs, and from normal, tuber- 
culous, and B monocytogenes-infected rabbits, found no evidence in 
cxtcnsue tissue culture studies of any transformation of lymphocytes 
into monocytes or fibroblasts Occasional monocytes (01 to 2 3 per 
cent) as well as small (85 to 90 per cent), intermediate, and large lympho- 
c\tcs (5 to 13 per cent) were encountered in the thoracic duct lymph 
collected for culture In our o\\ n laboratory for the past se\ eral years. 
Dr Houghton Ins been culturing the lymphocytes obtained from pa- 
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tients ’ivith lymphatic leukemia, leuko-lymphosarcoma, and infectious 
mononucleosis, among materials from other sources, and there has been 
no evidence adduced in any single instance which could be interpreted 
as representing a true differentiation of the type of cell recognized mor- 
phologically, metabolically and culturally as the “lymphocyte ” Rather 
has the evidence contmued to accrue in support of the concept of the 
functional importance of the lymphocyte pei se in the body economy 
as a definitive umt, which frequently sen’^es to antagonize, or reciprocate 
with, rather than evolve into other cell types 

It M^ould seem, therefore, that the various points of view which have 
been expressed about the lymphocyte might best be amalgamated and 
integrated through the acceptance of at least two components as com- 
prising the “lymphocyte” of the monophyletic school the one, the 
classical small lymphocyte of blood, lymph nodes and spleen vhich 
rarely if ever changes its fundamental form, and the other a comparably 
small lymphocyte-like, ’blast cell which may ahvays be found associated 
with acave white cell differentiation and maturation anywhere 

Appropriating the umversally accepted morphologic cnteria of cell 
maturation common to the better known hemocytogenic cycles, viz, 
decreasing cytoplasmic basophilia, changes in number, form and distri- 
bution of mitochondria, disappearance of nucleoli with progressive 
elaboration of nuclear chromatin and cell motility, Wiseman^" divided 
arbitrarily the circulating blood lymphocytes into three morphologic 
groups, designated them Young, Mature, and Old, and established their 
mean frequency and relative proportionate occurrence under conditions 
of health in animal and human subjects In normal human adults quanti- 
tative values for lymphocytes were observed to range from 750 to 3,000 
per c mm , the qualitative formula m the average healthy individual 
being far more constant Y M O 4 48 48 Thus, although the 

number of circulating lymphocytes fluctuates widely in health from 
person to person and in the same individual from time to time, the pro- 
portionate age relationships, based upon the morphologic characteristics 
cited, remain much more constant and have seemed to change signifi- 
cantly only when disease inten'^enes From the evidence available, Wise- 
man has assumed that the absolute number of lymphocytes present in 
the peripheral blood at any one moment is the resultant of the balance 
between four major forces (i) the speed and efficiency of differentia 
Ltion and maturation of lymphocytes within the follicles of the lymph 



Blood Cells 


675 



Fig 3 


W I white male aged 22 >ears with known clinical tuberculosis of 3 jears dura 
Uon and a sanatorium history of 11 months X Ta> diagnosis far ad%anced acti%e 
tuberculosis with multiple caMtation The clinical and laboratory findings are recorded 
The \ M O qualitatne relationships within the hmphocjte strain of cells changed 
markedly during the 5 months of observation reflecting more sensiti\el> than anj 
other single criterion the patient s reaction to his disease 


nodes, (2) the rate of delivery of these cells to the curculation, (3) the 
rapidity of their withdrawal or destruction, reflecting changing func- 
tional demands or toxic influence, (4) the capacity for resen'ou: storage 
of lymphocytes m the ussues It is entirely conceivable, and in pracace 
It has been found to occur, that a profound imbalance m the lympho- 
poietic equilibrium may occur without alterations in the total circulanng 
IjTnphocytes, beyond the rather \\ ide limits established for normal indi- 
Mduals, quite as has been recognized for the neutrophihc granulocytes 
since the analyses of Amcth, Schilling, and a host of subsequent obsen*- 
ers This relative age-maturitv’’ interpretation of the finer differennanng 
qualitatne criteria observed in fixed and supravitally stained films of 
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0 95 HW Infecljous Mononucicoso 



The joung relatively large, lymphocyte with Reider nucleus, 
which usuallj dominates the blood picture in infectious mono 
nucleosis is pathognomonic of this benign djscrasia berial, is 
minute interval counts were made during the period indicated 
on Dec 5 to demonstrate the physiologic correlation inon 
leukemic) between the fluctuations m the total lymphocyte count 
and the corresponding proportion of "young” Ijmpbocytcs As 
the disease subsided and the lymphocytes returned to normal in 
number and qualit> the neutrophils, which had been moderately 
depressed returned to their normal number and relationship m 
the differential count 


normal blood could, of course, only be established and then applied 
chmcally by submirtmg the hypothesis to experimental and pracucal 
tests under loioivn condioons This Wiseman has proceeded to do n 
rabbits injected with foreign protems or inoculated with bovine 
tubercle bacilh the profound disturbances in lymphocytes-reciproc^ 
to granulocytes in the former instance and to monocytes in the alter 
were only fully understood and could only be adequately corre ate 
with the final assue studies by recognizing and interpreting the qua i 
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Fig 5 


In leuko^ircoma two distinct tjpes of l>mphoc>tcs ma> be seen side bj 
side in the same niic»'oscopic field the one normal mature according to 
cverj criterion the other ob\ioush a much jounger form with large single 
nucleolus and characteristic cytoplasmic changes when observed with supra 
Mtal stains Deep x ra> therap> in %cr> small dosage destro>s promptly the 
sarcoma hmphootes while depressing little if any the normal Ijmpho 
cjtes A myelophthisic blood picture with anemia nucleated red cells 
myeloblasts and myelootcs reflects the hyperplasia of lymphosarcoma cells 
in the bone marrow Micromctabolic studies ba\e shown a malignant type 
of respiration for the sarcoma cells in sharp contrast to the data obtained 
from normal and leukemic lymphocytes 


tive, in addition to any quantitative changes in the lymphocytes In 
human tuberculous patients (Fig 3),^® in infecuous mononucleosis, 
(Fig 4), m leuko-lymphosarcoma (Fig 5), in chronic lymphatic leu- 
kemia (Fig 9),^” the importance, significance and validity of the quahta- 
tn e differentiation of the lymphocytes ins been clearly established The 
interpretations based upon these morphologic criteria in the circulatino- 
lymphocytes ha\ e been \ ahdated by and correlated w ith basal and cell 
mctibohc snidies, specific cell motihry characteristics, by obsen ed \ aria- 
tions m cell bcha\ lor in tissue culture, and by contrasting biops^^ and 
postmortem tissue That i^to sa\ , the human blood lymph 
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variety of characteristic cellular alterations more or less pathognomonic 
of various disease mechanisms, but always it retains sufficient criteria to 
identify it v ith its own definitive maturation cycle 

The Granulocytes 

Turning now to the granulocyte, a much more readily recognized 
maturation cycle may be seen in normal bone marrow The agranular 
myeloblast has a less deeply basophilic cytoplasm than the germinal 
center lymphoblast, fewer and finer mitochondria, and a nucleus usually 
with more nucleoli Seldom need the trained cytologist hesitate in differ- 
entiating lymphoblast and myeloblast The more primitive free cell com- 
mon to lymph node, bone marrow, and connecuve tissues^^ and only 
observed under condmons of excessive stimulauon in one or other of 
these areas, is the cell, if any, which will be confused vnth the small 
lymphocyte of suspected multipotential capacities of differentiation As 
soon as the first specific granules appear in the myeloblast— neutrophilic, 
eosinophilic or basophilic-the respecuve definiuve cell ny>e may be 
predicted Coincident with granule appearance, but not before, neutro- 
philic and eosinophilic myelocytes become oxidase reacuve, the amount 
of the peroxidase precipitate being directly proportional quanutatively 
to the number and size of the granules present in any given celP“, baso- 
phil granules remain oxidase negative throughout the basophil granulo- 
cyte life cycle Lymphocytes throughout their life cycle and in their 
various pathologic responses, and all “primitive” and ’blast blood cells 
remain oxidase negative All myelocytes lack intrinsic motility unti 
maturity under normal circumstances, which is to say, from the morpho- 
logical standpoint, until a full complement of specific granules has been 
developed, the basophilia and mitochondria of the cytoplasm have gra - 
ually diminished to the vanishing point and the nucleoli have disappeared 
and the chromatin greatly condensed in a nucleus which is beginning to 
constrict preparatory'^ to lobulation In acute infections and under cert, 
other pathologic conditions, motile, granule-deficient neutrophilic leu- 
kocytes with mitochondria and basophilic cytoplasm, may be encoun 
tered Throughout the myelocytic phase of maturation, the cytop as- 
mic criteria are the more dependable, especially granule development, 
less than ten specific granules per cell being designated myc oc) t , 
approximately 50 per cent granules, myelocyte B, and a full comp erne 
of granules, myelocyte Dunng this inverse reciprocal evolution 
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mitochondria, cytoplasmic basophilia and specific granule formauon, the 
nucleus becomes smaller, more pyknotic and finally segments Ameba- 
like motility ensues with a hquefaction of the hitherto gel-hke cytoplasm, 
and the relative age of the motile mature granulocyte is thereafter gauged 
by the number of lobes to the nucleus (Ameth--) The origin of the 
myelocytes bemg extravascular m the parenchyma of the bone marrow 
m the normal human adult, and the function of the mature granulocytes 
bemg accomplished in remote tissues or along the mucous surfaces of 
the body, mtnnsic cellular moality is a prerequisite to the entrance of 
the leukocytes mto, and their egress from the blood stream, except on 
occasions secondary to pathologic marrow hyperplasia 

The MoNOCYTE-CLASMATOCiTE RELATIONSHIP 

The monocyte or “transitional” of Ehrlich has been almost as difii.- 
cult a cell to accept and to assign specificity and independence as the 
lymphocyte First, its azurophihc granules m a mottled basophilic cyto- 
plasm with oval or slightly mdented vesicular nucleus were thought to 
represent an earlier stage m the maturation of the myelocyte, later the 
azur granules of the lymphocytes were thought to be identical tiath 
them^^ In 1913 Schilling-^ first declared that the criteria were suSicient 
to establish the monocyte as an independent and distinct cell entit)*, and 
the development and application of the supravital staimng techmque to 
this problem of cytologic specificity subsequently has fuUy supported 
the rightness of Schilling’s conclusions A cytoplasmic s}'stem of 
vacuoles w^as revealed in the living cell, wTich stains characterisucally 
with neutral red, is arranged as a rosette opposite the hof of the nucleus, 
and IS surrounded by mitochondria, all of w'^hich methyl alcohol oblite- 
rates from the ordinary fixed stained blood films Furthermore, a charac- 
teristic surface film type of motility differentiates the monocyte m fresh 
preparations from both granulocyte (ameboid) and lymphocyte (peri- 
staltic) Here again, a careful study of the peripheral nodes^^ and 
spleen,-® where monocytes arise normally, and more especially the 
analysis of experimental monocytoses-’ establishes a maturation sequence 
from primitive, basophilic, non-\ acuolar, non-motile, monoblast through 
succeeding stages of nuclear and cytoplasmic de\elopment to charac- 
teristic mature, motile monocytes Under pathological condmons, such 
as tuberculosis, the monocyte may be altered by the bacterial lipids^® to 
become the u^pical epithelioid cell and Langhan’s giant cell of the tissue 
tubercle 
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Now, morphologically and functionally distinct from the other cir- 
culating leukocytes by common consent, the monocyte still must share 
the connecave tissue role of phagocytosis and thereby merge its identity, 
in the opinion of some, with the tissue macrophage or clasmatocyte 
VS^hether these functionally and histologically similar, but not morpho- 
logically identical, cells represent different phases in the life cycle of 
the same cell, or whether there are two tissue phagocytes of different 
origin remains today a matter of debate and further experimentation 
The evidence from supravital studies of experimental and pathological 
tissues favors the independent origin and separate identity of monocyte 
and clasmatocyte (Fig 2), though recognizing at times their common 
response and similar behavior in non-specific tissue reactions The clas- 
matocyte IS the one cell of the tissues, and/or rarely of the blood, wbch 
does not seem to require a period of maturation for full functional 
activity 

So long as abstract static morphologic studies alone were made of the 
complex medley of multiple cell types, each with its own complicated 
life cycle, little progress of functional or clinical significance was pos- 
sible, only unverifiable speculation existed However, with the acquisi- 
tion of increasingly distinctive criteria of ty’-pe and age specificity, and 
with the means and the interest to analyze and interpret a variety of 
induced and spontaneously occurring cellular dtseqiithbm in terms of 
functional responsiveness and relative tissue adequacy, substantial phy- 
siologic information of great significance has become available, and facts 
are slowly beginning to fortify or undermine fancies, as the case may 
be With the newer knowledge, of fundamental mechanisms and inhibit- 
ing and stimulating influences upon blood cell multiplication and matur- 
ation, the formulation and application of rational prophylactic, as well 
as therapeutic regimes, has become possible 

Erythropoiesis 

In no area of specific or general health is this more true than that of 
the ox}''gen-carrying mammalian red blood cell Other than a relatne 
degree of regional anoxemia, we do not yet know the addiuonal fun a 
mental requisites for the primary initiation of erythrogenic differentia 
non When we do, the answer to some of the “primary” aplasias wi 
probably be known Many toxic substances vull inhibit or destroy 
normal erythropoiesis, such as benzol, arsphenarmn, x-ray, an ra 1 , 
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and when promptly recognized and eliminated, recover)^ ensues A 
congenital accentuation of physiologic splemc hemolysis may disturb 
the hemolytopoietic equilibrium to the point of acute hemoclasac crisis, 
the bone marrow is hyperplastic, usually at the late erythroblast and 
normoblast level of maturation, and successful splenectomy iniuates a 
prompt erythrocyte reequilibration, with complete clinical recovery 
In iron deficiency states, a hypochromic, microcytic anemia, w ith low 
plasma iron,®® without intrinsic marrow defect may be remedied spe- 
eifically through adequate replenishment of the body’s depleted iron 
reserves In such an instance no diminution in number of circulating or 
marrow red cells need exist, but iron must be available for the synthesis 
of hemoglobin Vitamin C and thyroxin are also essential to the main- 
tenance of normal erythropoietic equilibnum When maturation arrest 
occurs at the megaloblastic level of red cell differenuaaon, an hyper- 
plasia develops in the marrow with progressive peripheral anemia, 
hyperchromic and macrocytic in type The life cycle of the erythrocyte 
IS best observed while following the recovery from such a state (Fig 6) 
Because of inability to utilize iron without the erythrocyte matura- 
tion factor, plasma or transport iron values are higher than normal 
Coincident with the supplying of this deficit by any one of a number 
of oral or parenteral sources of the active pnnciple, iron once more is 
utilized in considerable quantities, reflected by a precipitous fall in the 
plasma iron level m direct relationship to the maturanon, and, therefore, 
prompt disappearance of the megaloblasts as such from the marrow, 
in their place appears a transitory increase in early erythroblasts to be 
follov ed promptly by late erythroblasts with still more iron contaimng 
hemoglobin until, finally, by the fifth or sixth day, normoblasts dominate 
numerically the age-range of the nucleated red cells in the marrow with 
only a minimal number of the less mature erythroid elements stdl 
present In the peripheral blood the reticulocytes usually reach their 
peak some 24 to 48 hours after the normoblasts have become the pre- 
dominating red cell m the marrow, representing the youngest of the 
enucleated red cells in the circulanon, and marking the culmination of 
the suddenly reestablished maturation cycle As er}^throcytic equihbrium 
IS again approached, the reticulocytes fall to their physiologic level of 
less than i per cent, and the marrow gradually resumes its normal 
cellular relationships, permitting the myelophthisically depressed plate- 
lets and granulocytes to regain their accustomed leiels In the patient 
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Extrinsic factor dietar> deficiency during the fifth successive pregnane) 
in as minv )ears resulted tn a macrocvtic anemia m this patient indis 
tinguisliable as to peripheral blood picture h>perplastic megaloblastic mar 
row and high plasma iron from \ddisonian pernicious anemia Gastric 
analvsis revealed 6S° free HCL The institution of a high caloric protein 
diet plus 50 gins autol>zcd jeast dail> brought about a prompt utilization 
of the excessive circulating plasma iron this was reflected immediatelv in 
the bone marrow bv increased hemoglobin sjnthesis which reduced the 
proportion of megaloblasts the resulting erv throblasts in turn gave wa) to 
normoblasts tc be followed b> the u‘^ual reticulocjte peak in the peripheral 
blood With the reduction in marrow erjthroid hjperplasia platelets and 
granulocvtes returned to their normal levels and with the reestablishment 
of a normal red cell and hemoglobin equilibrium plasma iron and reticulo 
evtes became normal and the er>throid mveloid ratio in the marrow 
became ph>siological An identical maturation sequence has been observed 
in repeated instances of adequatcl) treated onmarv pernicious anemia with 
intunsic factor deficit 


illustrated in Fig 6, the approximate length of time for maturation 
from megaloblast to non-reticulated mature red blood cell might be 
estimated at 15 days, on the basis of the available data Jones^^ has de- 
scribed the megaloblast and its interrupted maturation in Addisonian 
pernicious anemia as a distinctly abnormal pathologic phenomenon, 
bearing no relationship to, and having no counterpart in, embr}mlogic 
or normal adult er^'thropoiesis This has not been the interpretation of 
Dr Sabin and her associates, who rather consider the macrocytic de- 
ficiency anemias to represent the result of a metabolic deficit compar- 
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able to the simple iron deficiency states, in which no inherent bone mar- 
row pathology as such exists The functional inadequacy of marrow is 
secondary to gastromtestmal or liver pathology, the last-named assumes 
primary etiologic significance in the light of Castle’s, Whipple’s and 
Minot’s classical observations Given suitable erythrocyte maturation 
factor, an entirely normal bone marrow, histologically and functionally, 
results promptly 


HeiMocytologic Reciprocities 

Although many of the same noxious agents which depress erythro- 
poiesis may inhibit or destroy granulocytes and lymphocytes and inter- 
fere with thrombocytopoiesis, it has become increasingly apparent that 
highly specific effects, either stimulatory or inhibitory, may be hmited 
solely or largely to one cell strain There is also evidence that signifi- 
cant reciprocal cell-strain relationships frequently result as a part of 
pathologic reactions The simplest and most readily understood ex- 
ample of marrow cell reciprocity is that just cited of the mechamcal 
limitation of myelopoiesis and thrombocytopoiesis m permcious anemia 
in relapse secondary to megaloblastic hyperplasia The same diminution 
in normal number of circulating blood elements, with characteristic 
“left shift” qualitative alterations in the cells, is seen in multiple mye- 
loma, metastatic carcinoma, osteosclerosis, leukosarcoma, the leukemias, 
or m any condition where such an abnormal appropriation of marrow 
parenchyma restricts the origin and development of normal hemopoietic 
foci The remedy for specific blood cell insufficiencies resulting from 
these causes, lies obviously in restricting the abnormal cell growth and 
not in the institution of hemopoietic therapeusis per se 

However, more subtle reciprocal relationships among the blood cells 
have been observed which have a direct bearing upon the question of 
cell origins and their developmental potentialities and specificities From 
the experimental angle it has been found that the amphophilic (neutro- 
philic) granulocytes in rabbits may be strongly stimulated by the 
nucleic acid derivatives and their components, the nucleotides, spe- 
cifically, adenine and guanine A general myelocytic marrow hyper- 
plasia resulted, and under prolonged stimulation ectopic foci of myelo- 

tcs w ere found in spleen and kidneys It was noted during these 
''tudics that the total number of circulating l^unphocytes decreased as 
the granulocytes rose, and at postmortem the lymph nodes, spleen and 
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Other sites of lymphoid development were found to be practicall) 
devoid of all follicles and all germinal center activity No myelopoienc 
acnvity and no myelocytic infiltration had occurred in these areas, so 
that the atrophy appeared to be the result solely of spontaneous, recip- 
rocal lymphocytic hypoplasia Conversely, the administration of for- 
eign protein to rabbits^' resulted in a marked increase in circulating 
lymphocytes at the expense of granulocytes, the latter falling as low' 
as 400 per c mm during the peak of lymphocytosis Autopsy sun'cys 
showed an extensive, marked, generalized hyperplasia of all lymphoid 
tissues including a greatly enlarged spleen, Avhile the bone marrow 
everywvhere shoAved a marked myelocytic hypoplasia extending to com- 
plete aplasia in some normally active areas 

Simple, uncomplicated, hypertherm- or radiotherm-induced fever 
in rabbits has been found to influence myelopoiesis favorably wdiile at 
"'the same time destroying lymphocytes and inhibiting their regeneration 
temporarily A progressive “left shift” in the nuclear index of the 
circulating granulocytes was correlated with prompt progressive, mye- 
loid hyperplasia and increased mitotic acavity m marrow, and a marked 
immediate postfebrile leukocytosis, conversely the peripheral lympho- 
pema reflected a progressive cellular destruction necessitating increased 
clasmatocytic phagocytosis wnthout regenerative replacement w^herever 
lymphocytes w’^ere located in the tissues, \vith a prolonged latent post- 
febrde period before lymphopoiesis could again become effectively re- 
established 

In each of the instances cited, one particular cell strain w^as markedly 
responsive to a stimulus, w^hich at the same time, either dmectly or 
mdurectly, influenced adversely another supposedly closely related cell 
rs^pe It might seem that w^ere the granulocytic cells directly dependent 
upon the lymphocyte of blood and lymph nodes for their origin and 
differenaation, any influence subversive to lymphocyuc mtegrity would 
likewise be reflected in a diminished production and supply of granu- 
locytes to the orgamsm Or, if an unusually prolific supply of multi- 
potential lymphocytes became available, there would presumably be 
no obvious reason for a reciprocal decrease in the direct progeny 0 
such a stem cell, rather some corresponding increase in granulocytes 
might be anticipated Quite the opposite has been observed in the experi- 
mental field 

Is there, then, any counterpart in the cellular disequilibria occur 
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ring during the clinical course of human disease, which might permit of 
interpretations in one direction or the other concerning fundamental 
cell origins and cell relationships^ In infectious mononucleosis a marked 
lymphocytosis (Fig 4), both relative and absolute, usually occurs 
with characteristic qualitative changes m this cell strain, associated 
with a more or less generalized lymphadenopathy A reciprocal granulo- 
pema has been observed, resulting not infrequently in a profound de- 
crease to 500 or less granulocytes per c mm , the sternal bone marrow 
showing at such times an absolute decrease in myelocytes Chmcal 
recovery is not complete until the disturbed cell relationships in the 
blood and tissues have been corrected 

The Mechanism and Specificity of Cell Stimulation 
AND Cell Inhibition 

Turning to the problem of acute granulopenia in human disease, 
the nucleotides may be said to have the strongest and most powerful 
chemotactic and maturative stimulus for neutrophilic granulocytes of 
any agent thus far studied In patients with the Schultz syndrome,®" if 
monocytes remain present in the peripheral blood and the sternal bone 
marrow is not entirely aplastic for myeloid elements, recovery more 
often than not parallels the administration of pentnucleotides This 
statement is made with full realization of the establishment of a specific 
hypersensitive destrucuve and inhibitory etiology for amidopyrine and 
certain other drugs in certain specific myelopenic states, with the desir- 
ability and necessity of prevention in these cases In all leukopenic 
patients, in which the etiology is not immediately obvious, however, a 
knowledge of the state of the bone marrow is essenaal to intelligent 
therapy today Usually this information may be obtamed quite as satis- 
factorily by sternal puncture as by surgical trephine The principal 
requirement is a familiarity with the morphologic characteristics of the 
maturation cycle of each strain of cells found normally in bone marroav 
and M ith the relative proportions of each as revealed by actual differenaal 
cell counts of representative marrow samples 

When the peripheral leukopema is found to be secondarj'’ to both a 
maturation arrest and an inhibition of marrow myelopoiesis, the re- 
co\ er\ , if It occurs, is reflected by changes in the granulocytes, w hich 
ate entirely comparable to those obsen'-ed m the red cells during the 
tecoier^ from relapse in pernicious anemia Depending upon the degree 
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Fig 7 


This, in detail is the peripheral blood reflection of bone mar 
row reco\e**> in a classical acute neutropenic episode of unde 
termined ctiolog> There appeared sequentially in the blood 
everj stage in the entire life cjcle of the neutrophilic granulo 
c>te from ni>eIobla 5 t to mature five lobed pol>morphonuclear, 
the m>eloc>te percentage rising to a peak and then dropping 
sharpl> in duplication of the reticulocjte phenomenon illustratcil 
in Tig 6 Trom such obser\ations it is estimated that it may 
take as long as 16 days for maturation from myeloblast to fi\c 
lobed neutrophil and that regeneration must take place in some 
instances at least from the myeloblast le\el 

ot myelocytic immaturity which prevails at the time of the reactivation 
of the marrow, there will appear transitorily in the peripheral bloo , 
myelocytes m increasing percentage, comparable to a reticulocyte 
peak Moreover, the maturation sequence from myeloblast throng 
myelocytes A, B, and C may be followed both in serial marrow punc 
tures and in the daily white cell differential counts In one such patient 
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(Fig 7), when first seen in an acute granulopenic episode with less 
than 1000 leukocytes per c mm (erythrocytes and thrombocytes nor- 
mal), myeloblasts and myelocytes A were present in the peripheral 
blood During the days followmg the institution of nucleotide therapy, 
there appeared a maturation sequence in the circulating myeloid ele- 
ments, which reflected accurately the steps of recovery in the marrow 
The myeloblasts and the earliest myelocytes with the first few specific 
granules increased to their highest pomt of 280 per c mm on the fifth 
day of treatment, disappearing on the eighth Myelocytes B and C, 
containing a more complete complement of specific granules, were 
present at the end of the first 24 hours, reached their maximum of 250 
on the ninth day, and had disappeared by the following day The “band 
forms” of Schilling, the youngest of the motile mature granulocytes, 
were present to the number of 40 per c mm on the first examination 
and were found in all preparations at all times, but did not show any 
sustained absolute increase until the eighth day, reached their peak of 
1400 on the eleventh day, and thereafter gradually decreased to resume 
their proporuonate representation as equilibrium was agam established 
The first granulocyte with a segmented nucleus, two lobes, was obsen ed 
on the fourth day, and thereafter these uvo-lobed neutrophils increased 
steadily until the twentieth day, when the three-lobed granulocytes, 
which had been present since the sixth day, finally surpassed them m 
total number One cell with four lobes to the nucleus was seen m one 
preparation on the eighth day, but not unul the eleventh day were they 
permanently present Five days later, on the sixteenth day followmg the 
beginning of recover}'-, granulocytes showing five nuclear segments 
appeared, at w'hich time the total granulocytes had increased from their 
original lov of less than 100 to something over 5000 per c mm Thus, 
from nn eloblast to fi\ e-lobed polymorphonuclear neutrophilic leuko- 
cyte required approximately 2 weeks’ ume in this individual With in- 
creasing maturit}- of the circulating myeloid cells came increased abso- 
lute numbers, reflecting both a specific m}elopoietic inhibition and 
nntuntion arrest in the marrow during the fastigium of chmeal S}’-mp- 
toms The episode described, occurred in Januar}’-, 1932 unrelated to 
any determinable drug ctiolog}-, and though tar o less sea ere leukopemc 
relapses occurred during the following taao years, associated aanth sea*ere 
emotion il ena ironmental stresses and strains this pha'sician-panent is soil 
ha mg md w ell it the tunc of tins w nting, w ith no ca idence of hemo- 
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Demonstra lor of the complete independence of mjelopoietic and erjthrc^ 
poietic responses to specific therap> in an individual developing an acute 
idiopathic granulopenia while in the hospital under observation 'Or a 
severe anemia secondary to bleeding peptic ulcer Liver extract neither 
helped the anemia nor prevented nor “cured’ the neutropenia Ihe ex 
tremeU low plasma iron reflects the exhaustion of the bod> s iron reserves 
from chronic hemorrhage resulting in a typical, microcytic, hjpochromic 
anemia Note different time relationships in the administration ot ‘he 
various therapeutic agents and ‘he corresponding cellular responses including 
the platelet increase which accompanied the ervthroid recoverj bee laDie i 
for the actual differential counts of blood and sternal marrow cells April 
10 and IS 


poietic marroM inadequacy 

The specificity of the inhibition of marrow myelopoiesis in these 
clinical instances of granulopenia has been stressed, thus emphasizing 
two significant points with reference to the physiology of bone marrow 
as an organ, namely, the probable independence of the respective stem 
cells from which erythrocytes and granulocytes normally arise ^roug i 
out postembryomc life, and, an obvious corollary, the speci city o 
the responses to both depressants and stimuli of these respective ce 
strams Fig 8 and Table I further support these conclusions During 
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Table I 

(To be studied m conjunction with Fig 8 and the text) 


NUCLEOTIDE-TREATED IDIOPATHIC NEUTROPENIA 
(maturation arrest) 


Serial Sternal Bone Marrow Biopsies 


Patient J S Aged 36 \ears, colored, $ 

Diagnosis 1 — Gastric ulcer — hjpochroinic microcj'tic anemia 

2 — Idiopathic granulopenia, acute, transiton (no drugs) 


April 10 1935 

BLOOD 


April 18 


Total AVBC 925 

Total BBC 1,700,000 

Hemoglobin 

(Newcomer) 2 5 gm /lOO cc 
Supraiitil Diff Onh 1 2-lobed PMN found 


9400 

2,090,000 
2 8 gm /lOO cc 

PMN 81% Lim small 8% 
PMB 1 int 1 

Mielocj’tes 3 Monoci'tes 6 


BONE MARROW 


Supravital Dili 

First Biopsy 

Second Biopsy 


PMN 

13 

4%1 

1 

76 

14% ] 


Metam\cloc\te 

6 

1% j 

15% 

68 

12% 

•94% 

Neutrophilic “C” 

30 

9%J 

1 

360 

67% J 

“B” 

“A” 

246 

51 

71% 1 

14% j 

>85% 

32 

0 

6% 1 
0% i 

[ 6% 

Basophilic “C” 

1 



12 



“B” 

13 



4 



“A” 

10 



2 



Eosinophilic “C” 

1 



8 



“B” 

1 



2 



“A” 

0 



0 



MielobHst 

1 



0 



LMiipliocitc 

2 



0 



Monoci te 

1 



2 



Chsimtociie 

16 



4 



Priiiuti\e Cell 

0 



0 




— 



- - 



Total M BC 

392 


36% 

572 


54% 

Noriuohlnst 

595 

S7% 


354 

75% 

r r\ throhlnst 

62 

9% 


116 

2^% 


Mcgaloblast 

23 

3% 


4 

0 8% 


Tot il BBC 

680 


64 oj 

474 


46% 

Cells counted 

1072 



1046 



8 4 gm nucleotide gnen i ni in 8 dr\ period 




690 


THE BULLETIN 


hospitalization, incident to a severe hypochromic, microcytic anemia 
secondary to bleeding pepuc ulcer, there developed m this paaent an 
acute granulopenic episode Sternal biopsy proved the accuracy with 
which the peripheral blood was reflecting the underlying marrow 
pathology Only 36 per cent of all nucleated marrow elements were 
of the myeloid series and 85 per cent of these were the very young 
myelocytes A and B, a distinct “left shift” from the normal maturative 
relauonships The nucleated red cells (64 per cent of all marrow ele- 
ments) were predominantly (87 per cent) at the normoblastic level, 
which IS representative of the maturation level when no inadequacy in 
the erythrocyte maturation factor prevails, and explains the lack of 
response to liver extract, given as a control Eight days later, ivhen the 
granulocytes had increased in the peripheral blood from practically zero 
to 8000 per c mm , a second sternal biopsy from another interspace 
revealed a corresponding change in the age and proportionate repre- 
sentation of the myeloid elements without significant qualitative altera- 
tion in erythropoiesis or circulating erythrocyte level The myelocytes 
represented 54 per cent of all nucleated cells at this time, and of equal 
or even greater significance was the increase in the relative proportion 
of the more mature myelocytes C and metamyelocytes from 15 per 
cent to 94 per cent During this change in the number and maturity 
of myelocytes in the marrow, the peripheral blood was showing a mye- 
locyte peak with a high of 25 per cent reached on the seventh day 
folloMung institution of nucleotide therapy, preceding the absolute in- 
crease in total circulating granulocytes, much as does the reticulocyte 
rise following specific therapy in the anemias During this episode, 
erj^throcytes and hemoglobin remained stationary However, with the 
institution of adequate iron therapy in this patient, a typical reticulo- 
cyte response was elicited, reaching a high of 21 per cent on the 
seventh day followed by a rapid return to normal in plasma iron, total 
red cells and hemoglobin No further hematologic disturbances have 
been obseir^ed in this paaent 

The occasional chronic lymphatic leukemia patient will have a bone 
marrow hypoplastic for myelocytes unassociated with lymphocytic 
hype’*plasia or mfiltration In such a case^° it was possible to stimulate a 
rise L' neutrophilic granulocytes from a few hundred to 10,000 per 
c mm \ with daily mjecaons of the nucleotides (Fig 9) No demon- 
strable eWeet on the lymphocytes was observed, suggesting the essen- 
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Fig 9 


A patient with chronic Ijniphatic leukemia with reciprocal granulopenia as low as oOO neu 
trophils per c mm during 9 weeks of daily nucleotide injections showed a gradual but steady 
increase in these elements to 10 000 per c mm During this penod there was no reciprocal 
fall in the leukemic lymphocytes but rather a slow uninterrupted increase which continued until 
deep X ra\ therapy was administered Tne polymorphonuclear neutrophils failed to continue 
their upward trend as soon as nucleotide therapy was discontinued and subsequently fell to 
their previous low level indicating the specific character of the stimuli and independent capacitv 
to respond of these two cell strains 


tial independence of lymphocytic and myelocytic responses, at least 
under certain circumstances The same fundamental observation has 
been made relative to lymph node atrophy and lymphocytic hypo- 
plasia in chronic myeloid leukemia In this disease a profound peripheral 
lymphopenia is the rule, which reflects the reciprocal cell relationships 
as found m the hemopoietic tissues Again, in certam patients showmg 
pan-marrow hypoplasia, with anemia, lymphocytic leukopema, a mild 
lymphadenopathy, and the presence of a scattering of lymphocytes in 
the otherwise aplastic bone marrow , this spontaneous “pseudoleuicemic” 
myeloid-lymphoid reciprocirv^ has at times raised the question of spe- 
cifically stimulated lymphanc hyperplasia 

Reports of an occasional toxic disturbance of normal marrow func- 
tion during sulfanilamide medication are appeanng m the medical 
htcraaire One such instance in our own experience senes to emphasize 
the difference in character and in time relationships of the various 
marrow clement responses when such a reaction occurs A 66 year old, 
colored, male patient entered the hospital, on the fifth day following 
mild triuma, critically ill with a proaen beta-hemolytic streptococcus 
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This patient illustrates the difference in t\pc degree and time relation 
ships of the reaction of the \arious bone marrow elements to the same 
to->.ic agent At the point of maximum hemohsis, with red cells at a million 
and a half, hemoglobin 3 gms , and a spontaneous reticulocjde peak ot 
24 per cent, the total white cell count was 55 000 with 27 per cent 
cjtes, and the platelets were over a million per c mm B} the time the rea 
cells had again reached a normal equilibrium a persistent leukopenia ana 
thrombocytopenia had developed See Table 2 for the correlation of pcripti 
eral blood and sternal bone marrow data taken at representative periods 


infection involving the affected extremity and the regional lymph nodes 
The total white cells were only 9000 per c mm , granulocytes 85 per 
cent with 1 1 per cent band forms and numerous toxic granule cells, 
red cells and reticulocytes were within normal limits Sulfanilamide v as 
administered in diminishing dosage as indicated in Fig 10 for 5 days, 
during which period climcal improvement was prompt and striking, an 
coincided Mith a marked rise in circulating white blood cells to a hig 
point of 55,000, with 65 per cent neutrophilic granulocytes, 25 per cent 
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Tapi-e II 

(To be studied in relation to Fig 10 and tlie te\t) 

SULFANILAMIDE INTIUCED HEMOLYTOPOIETIC REACTION 
Serial Sternal Bone Marrow Biopsies 

Patient A AV Aged 66 tears, colored, $ 

Diagnosis Beta liemohtic streptococcus infection following trauma 
Slarked regional adenopatht Blood culture — no growth 


1938 

August 5 August 15 

September 


BLOOD 



Total AVBC 

55,000 

2,500 

4,250 

Total RBC 

1,570,000 

2,660,000 

4,250,000 

Total Platelets 

1,070,000 

526,680 

680,000 

Hemoglobin 

3 gni /lOO tt 

9 gm /lOO cc 

13 2 gm /lOO 

Reticuloct tes 

19 8 

74 

02 

Supratital Diff 




PMN 

65% 

G0% 

58% 

PMB 

0 

— 

1 

JIteloct tes 

27 

0 

0 

^100005108 

0 

10 

8 

I \mplioc\tes 

8 

30 

33 


BONE MARROW 


Supratital Dili 

First Biopsj 

Second Biopsj 

Third Biopst 

PAIN 

73% 

48% 

46% 

Neiitropliilic “C” 

22 5 

IS 

36 

“B” 

2 

? 

0 

“ V’ 

0 

2 

0 5 

PAIB 

0 5 

2 

0 5 

PAir 

1 

6 

05 

Eosino])biIic "C” 

0 

0 

05 

“B ’ 

0 

0 

0 5 

Alt cloblnst 

0 

1 

0 

Lt mplioct Ic 

0 

14 

13 5 

Alonoct te 

0 

0 

05 

Clasmatocytc 

1 

5 

0 5 

Phsiiii Cell 

0 

2 

1 

A\ BC llntio 

27% 

29% 

74% 

Normoblast 


50% 

44%, 

Ert fhrobHst 

32 

50 

56 

AUtrdobl 1 st 

0 

0 

0 

RBC Ratio 

73% 

71% 

26% 

SMI f.riins snlfanilanude gncn orallt 

in 5 dots (Jult 29- Vug 3) 
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of M hich were myelocytes The platelets were found at this time to be 
somewhat higher than normal The red cells meantime had fallen 
sharply to a million and a half, the hemoglobin to 3 gms per 100 cc, 
while the reticulocytes, reflecting an increased spontaneous compen- 
satory marrow delivery of new young erythrocytes, had risen to 1 9 8 
per cent As the red cells rapidly increased on the rebound, the leuko- 
cytes fell to a definite leukopemc level, which was maintained for some 
6 weeks thereafter The platelets paralleled the falling white cells and 
remained belo\v normal for a comparable period On the first two sternal 
marrow studies, the myeloid cells represented less than 30 per cent of all 
nucleated cells encountered, while by September 21 the proportion of 
er}Throid to myeloid elements had again returned to normal Thus, there 
w^ere stimulatory, inhibitory and destructive phases in the reactions, dif- 
fering in degree and duration wuth the cell types involved In this instance 
one may hypothesize the sulfanilamide as increasing the effectiveness of, 
and the need for phagocytic leukocytes, at the same time diminishing the 
toxic myeloid inhibiting effects of the streptococci, conversely, the drug 
proved hemolytic for red cells in this individual in the dosage given, wuth 
the development of an acute, transitory anemia Following the subsidence 
of the infection and the elimination of the therapeutic drug, the marrow 
returned more or less promptly to its original equilibnum 

Much more information needs to be accumulated relative to the white 
cells before we shall be in a position to influence their life cycles at the 
source as beneficially as is now possible for the red blood cells At the 
moment, the important fact 1^, their apparent independent response to 
various physiologic and pathologic influences, and their separate, even 
though closely related, functional specificities and capacities 

The Hemolytopoietic Equilibrium 

It must be clear to anyone familiar wnth the so-called hcmolyto- 
poietic equilibrium, that the problem is only a little more than half soh cd 
Avhen the cell production end of the mechamsm alone has been con 
sidered Optimum peripheral distribution and minimal destruction of the 
cells once deln ered 1 0 the circulation are fully as important for the main 
tenance of health The spleen acts physiologically as the chief sequestra- 
tion and resen oir organ for the blood cells, and its normal content 
phagocytic clasma tocytes is greater proportionately, and in t e a^^ 
gate, tlian an\ oth er organ in the human body This furnishes t ic 
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ground for the well known splenic function of senile cell disposition, but 
at the same time sets the stage for a senes of disease entities dependent 
upon the pathologic overdevelopment of one or more of these normal 
“graveyard” functions In congemtal hemolytic icterus, if the spectacular 
climcal recovery which follows successful splenectomy,-® is correctly 
interpreted, it is this surgical removal of an organ with an inherited ten- 
dency to excessive hemolysis, rather than any direct attack on bone 
marrow deficiency or inadequacy, which restores the cellular equihb- 
rium The bone marrow is hyperplastic for red cells at the late erythro- 
blast and normoblast levels of maturaaon during active anemic episodes 
with ]aundice, and in the absence of all splenic tissue, the marrow has 
been proved to be entirely competent to maintain a normal cellular 
balance, adequate for health and for resistmg successfully infection, 
despite red cell size or fragility abnormalities 

In certain instances of thrombocytopenic purpura where the marrow 
can be shown to contain the usual, or excessive numbers of quahtauvely 
normal megakaryocytes, the successful removal of the spleen restores 
promptly and permanently, an adequate supply of functionally normal 
platelets to the circulation 

Finally, in selected patients showing a profound granulopema of 
otherw ise undetermined etiology, with or without hepatic cirrhosis, but 
practically always with a marked splenomegaly, a more or less specific 
phagocytosis of granulocytes by excessive numbers of clasmatocytes can 
be demonstrated, both histologically in the excised splenic tissue, and 
clinically through the subsequent restorauon of a normal peripheral 
white cell count and differential, the bone marrow hat mg been found 
to be hyperplastic for myeloid cells in each patient throughout the 
preoperatn e leukopemc episode 

Thus, w'hen any deficit occurs in the essential blood elements in the 
peripheral circulation, and bone marrow studies reveal an hyperplasia 
of qinhtatu cly normal precursors, the organ of origin is automatically 
cleared in the great majority of instances, and some peripheral etiologic 
factor or factors must be sought The more extensive our knowledge of 
the specificity of functions and sensim itx’- of response of the essential cells 
of blood and conncctn e nssues, the more cffectn e should become the 
scientific control of the great \aricu' of noxious states most of which 
influence profoundly and arc thereby in turn significantly affected by 
the reactions of the cells we ha\c been considering The problems of 
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functional differentiation and morphologic identification are no longer 
of academic interest only The accumulated information now available, 
at Its best is life saving and specifically curative when mtelhgentlv and 
discriminatingly applied, at second best, it places clinical prognosis on a 
sounder scientific basis and points the way to the next steps wherein may 
he the more complete answers to the many questions and problems still 
challenging solution 
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THE CURIOUS CAREER OF TYPHOID MARY* 


George A Soper 



□■.SHSHSHSHSESEa Qf that Mary Mallon was the most famous 

typhoid carrier who ever lived, the M’^orld knows verj’’ 
little about her There is the paper m \vhich I announced 
her discovery, published in the Journal of the American 

§ Medical Association, June 15, 1907, and the article in 

winch I traced her career up to her final incarceraaon by the City of 
Ne\v York, eight years later, published in The Military Surgeon for 
July, 1919, but in the innumerable prmted references which have ap- 
peared in the last thirty years these authoritative sources have generally 
not been fully utilized Errors have been committed wdiere one w^ould 
least expect them and, these being copied and sometimes elaborated on, 
there have been w^oven accounts which depart materially from the facts 
In my w^ay of thinking the truth about Typhoid Mar)’- is far more 
interesting than the tales which have been imagined about her, and as 
all the essential facts have not yet been told, I am glad to tell you some 
of the thmgs which I think medical men may be interested in 

I first saw Mary Mallon thurty-nvo years ago, that is, in 1907 She 
w’as then about forty years of age and at the height of her ph)’^sical and 
mental faculties She w’as five feet six inches tall, a blond wnth clear blue 
eyes, a healthy color and a somew'-hat determined mouth and jaw’ Mar)’^ 
had a good figure and might have been called athletic had she not been a 
httle too heav)’- She prided herself on her strength and endurance, and 
at that time and for many years thereafter never spared herself in the 
exercise of it Nothing was so distmctive about her as her w’alk, unless 
It w’as her mind The two had a pecuharity in common Those who 
knew her best m the long years of her custody said Mary w’alked more 
lilte a man than a w’oman and that her mind had a distinctly masculine 

character, also 

I think Mary w’as bom in the north of Ireland She could w rite an 
excellent letter, so far as composition and spelling w’ere concerned She 
WTOte in a large, clear, bold hand, and wnth remarkable uniformit>^ She 

* Read Ma' 10, 1939 before the Section of Historical and Cultural Medicine 
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read a good deal in the days of her captivity and seldom missed her daily 
paper 

At the time I knew her, A'lary had no home If she had relaaves or 
friends in this country or Europe, she never ret'^ealed the fact Twice 
I thought I talked with a sister, once in Bndgeport, Connecucut, where 
my investigations carried me, and once m Brooklyn, but I could not 
prove It At the time of her death relatives were advertised for m 
rvvo newspapers for one month, by order of the Surrogate of Bronx 
County, and a lawyer w'as appointed to protect their interests, for Mary 
left a little money, but none appeared None ever came forward w^hen 
she was sick or in other trouble, and she never sent for any 

My discovery of Typhoid Mary w'as the outcome of an investiga- 
tion made in the wunter of ipod-’oy into an outbreak of typhoid fever 
in the house of Mrs George Thompson, at Oyster Bay, N Y, the 
preceding summer The place had been rented to a New York banker. 
General Wdliam Henry Warren, who had occupied it with his family 
of three, and seven sen^ants for the summer months Late m August 
an explosion of typhoid had occurred in w'hich six of the eleven persons 
in the household w^ere taken sick The epidemic had been studied imme- 
diately after it occurred by persons wLo were regarded as experts, 
and there were a number of typewritten reports upon it, but the cause 
had not been positively ascertained It was thought by the owner that 
unless the mystery could be cleared up, it w^ould be impossible to find 
tenants for the coming season 

It will be remembered that in those days typhoid fever w^as far 
more common than it is today and that the knowdedge of its transmis- 
sion w^as less complete The reported cases in New York City in 1906 
w'ere 3,467 and the reported deaths, 639 The actual amount of typhoid 
was probably much greater 

Typhoid w'as behe\cd to be due generally to polluted w'ater or 
milk, or, in the opinion of some, to putrefymg organic matter and some- 
times to sew er gas A paper w as presented before the Royal Society by 
Horrocks at the end of 1906, m w'hich he reported that typhoid and 
other bacteria might be carried by sew-er air after bemg disengaged 
from the sew age or w alls of the sew ers and the Journal of the American 
Medical Association declared that this possibilitt- should be remembered 

At the end of the centuty typhoid epidemics occasionally of hun- 
dreds of cases, were occurring in different parts of the country They 
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